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Since the beginning of time, man has searched for answers to
questions about himself and the world in which he lives. Out of this
search have been born the many fields of science we know today. Most
of these sciences had their beginnings with the ancient Babylonians,
Egyptians, Phoenicians, and Greeks. By the 4th century B.C., Biology
and Physics had begun, while Astronomy and Mathematics were well es-
tablished sciences. Even applied sciences such as Medicine and
Engineering had begun to emerge,

Often shrouded in mysticism, or dominated by religious and
political thought, science seemed to advance cr decline as a body.
During periods of advancement in one field, similar gains are often
found in others; progress in Astronomy and Biology, for example, was

stimulated by the optical iscoveries of the telescope and microscope.

During the rise of Greek science, an interesting dichotomy appeared.

Observation, which played a minor role in Astronomy and Physics, be-
came prominent in Medicine. Hippocrates and Aristotle, the two Greeks
of the period most interested in the life-sciences had little to do
with Mathematics. Living things became exempt from mathematical
treatment, and Medicine became the province of the non-mathematician [1],
Now, over 2000 years later, the medical scientist has found a very
mathematical tool to aid him in his work -~ the digital computer.

Probably the first stored program electronic computer was the
EDSAC developed at Cambridge University in 1949. Primarily designed

to solve differential equations, early computers were strictly within

ix




the realm of the mathumatician. As computers became more powerful
and easier to use, their use became more general in other disciplines.
In 1956, the Air Research and Development Command of the U.S. Air

Force sponsored an investigation to explore the possible uses of the

computer in medical research [2].

In 1956, the National Aeronautics and Space Administration pub-
lished a report on the uses of the computer in the medical field. By
this time computers had been used in medical diagnosis, analog simul-
ation of physical systems, handling of medical records, and teaching [3].
Since the time of that report, the use of the computer in medicine has
been extended to include other administrative tasks, statistical

analysis, and patient monitoring [4].

The use of the computer to understand the physical phenomena of

the human body is still a relatively untouched field. There are
many systems within the human body that cannot be completely under-
stood using the physician's prime tool, observation. One of the most
important of these is the human circulatory system. Although a
great body of knowledge has been built up through the years, there are
still a great many unknowns about the way blood flows through the
body. Conventional means of measurement cannot answer these questions,
because the act of introducing a measurement device into the system
usually changes its characteristics.

By constructing a realistic mathematical model, the scientist
can use the digital computer to see into previously unknown worlds,
and find significant answers to problems regarding the circulatory
system. The mathematician, with the aid of the digital computer, has

X




a great deal to offer the field of medicine. It is hoped that the

kind of research represented here will be significant in bringing

together these two disciplines.




ABSTRACT

The research presented here is part of a continuing project at
the University of Utah, involved in the study of blood flow phenomena
in the human body. These studies involve the solution of a system of
non-linear, partial differential equations known as the Navier-Stokes
equations., Analytic solutions to these eguations exist only for a
few special cases, therefore, numerical techniques have been developed
for approximating them. A particular requirement for hemodynamic
studies is that a solution technique exists which allows flexible,
arbitrarily shaped, no-slip boundaries to be defined in the model being
studied. The technique which is developed in this report allows
that kind of definition. It is a finite difference technique, based
on the Marker and Cell method developed at Los Al.amos Scientific
Laboratory.

Because such methods are typically large and cumbersome, the
efficient implementation of this new technique was taken c¢n as a
concurrent investigation. The use of interactive computer graphics
provides the user with the best approach to an efficient implementa-
tJ;§§ if it is applied in the right way.

Techniques for applying interactive computer graphics to the

solution of hemodynamics problems involving flexible, arbitrarily

*This report reproduces a dissertation of the same title submitted to
the Department of Electrical Engineering, University of Utah in
partial fulfillment of the requirements for the degree of Doctor
of Philosophy.




shaped, no-slip boundaries are demonstrated for a particular problem.

This problem involves the study of blood flow through a ball-type
prosthetic heart valve. The results of this study agree closely with

known experimental studies.
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CHAPTER ONE

INTRODUCTION

The research reported on here is part of an on-going prcject at
the University of Utah, committed to the study of blood flow phenomena
in the human circulatory system [5]. Topics of current interest in
this area include the formation of atherosclerotic plaques, and the
problems associated with blood flow through artificial heart valves [6].
The numerical solution of this type of problem involves the solution
of a system of non-linear partial differential equations. This set of
equations, known as the Navier-Stokes equations is extremely difficult
to solve. Analytic solutions exist for only a few well known special o
cases, where the proper assumptions reduce the equations to a solvable
form,

In recent years, numerical techniques have been developed which,
with the aid of the digital computer, can find solutions to a
broader class of fluid problems., Even these techniques however, take
advantage of special cases: straight walls, two-dimensional flow,
symmetry, etc. They are typically finite difference techniques,
and as such require large amounts of computer storage and large
execution times. As the problem becomes more and more complex, the
storage and run time requirements of the problem grow very, very fast.
For example, in a recent work reported on by Hirt and Cook {7], a
three-dimensional problem of limited resolution (15 computing cells

on a side) required 64,000 words of high speed store on a CDC-7G00 com-

puter.
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Although numerical techniques are becoming more powerful and more
sophisticated, the trend seems to be for these techniques to rely
heavily on the brute-force speed and large memory capacity of today's
super -computers. They tend to neglect the more elegant features
available on modern computing systems. It would seem that a certain
level of sophistication would allow such problems to o run much more
effectively. This does not mean that the goal here is to produce a
faster piece »f code, but rather one which is more efficient in its
use of total machine resources. One way that this can be done is to
give the user the capability to visually interact with his program.

Interactive computer graphics is certainly not a magic formula
which will make a computation easier. In fact, if poorly designed,
programming system using interactive computer graphics may prove to
be a serious handicap. Therefore, in suggesting the inclusion
of an interactive graphics capability, the previously mentioned goal
of program efficiency must be kept in mind.

The class of problems to be considered here involves the study of
blood flow past artificial heart valves. In order that the problem

be studied with as few simplifying assumptions as possible, a nunerical

technique of considerable power will be used. 1In addition, interactive

computer graphics will be included as an integral part of the solution
process. Considerable detail will be focused on keeping the entire

program efficient in terms of the use of machine resources.,




CHAPTER TWO

THE PHYSICAL PROBLEM

The heart is basically a four chambered pump. The major pump-
ing muscle of the heart is che left ventricle, which supplies oxygen-
ated blood to the entire body. The inflow vaive to the left ventricle
is the mitral valve, and it's outflow valve is the aortic valve. It
is one of these two valves whi~h is most often destroyed or impaired
genitically or by disease, even though two other valves exist in
the right side of the heart,

In the past few years, successful replacement of the natural
valve with an artificial one has bruught about the developrent of
many different designs for artificial heart valves. Unfortunately, no
one valve completely fulfills all of the criteria for an ideal re-
placement to the natural valve [8], By studying the flow character-
istics of currently available prosthetic heart valves, the results
could provide valuable insight into the design of a better valve.

The physical model chosen to study first was the Starr~Edwards
ball type valve. Because this is a very popular replacement for the
natural aortic valve, some detailed study of its flow characteristics
seems to be in order. The environment for this model is the heart
valve test chamber developed by Weiting at the University of Texas (el.
This provides experimental results for later comparison and evaluation
for the chamber was carefully designed, according to data derived
from cadaver heart measurements,

The valve testing chamber shown in Figure 1 was designed by

P wiR
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Wieting such that the cross-sectional flow areas were analogous to those

in the human heart.

Figure 1

Wieting Heart Valve Rest Chamber

A cross-sectional view of the chamber is shown in Figure 2. 1In this
drawing, a ball type valve such as the one to be studied is shown

in the open position.

PLEXIGLASS DISK
2 LEFT VENTRICLE

Figure 2

Cross Section c¢f Chamber



5

Placing this cross section in an r-z reference frame, as shown in
Figure 3, the coordinates of points along the wall of the chamber
car be determined. Thesz points then provide a description of the
boundaries for the computer program. This list of points is contained

in Table I.
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Figure 3

Coordinate Axes Used to Obtain Coumpoter
Input for Test Chamber Description
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TABLE I {
INPUT POINTS FOR BOUNDARY DESCRIPTION (
COORDINATES IN MM
1 .
.& .Z_ i
0 0 ! 4
1.7 0 {
1.7 6.8

i 1.58 7.31
1.56 7.56

1.58 7.82

Ty
s s o . st o e b
e el S .

i 1.62 8.07

1 1.736 8.53 | ?

3 1.736 8.78 | j

? 1.683 2.04 ' |
1.524 9.42

0.89 9.48

1 f

- 0.846 9.74 3
1 0.90 9.99 i

1 1.397 10.10 i

. 1.46 10.35

: 1.65 10.73 f
'é 2.984 12.13 §

ng 3.175 12.51 %
;2 3.2 12.89 |




|

3.2

0.198

0.388

0.561

0.700

0.827

0.908

0.949

0.949

0.908

0.827

0.700

0.561

0.388

0.198
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TABLE I

Cor.tinued

9.171
9.072
8.938
8.777
8.595
8.399
8.209
8.105
7.823
7.662
7.528
7.429

7.3€7

7.345
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CHAPTER THREE

THE DEVELOPMENT OF THE MATHEMATICAL MODEL

- A, THE EQUATIONS OF FLUID FLOW

4 The mathematical study of fluid dynamics is based upon the prin-

- ciples of conservation of mass, momentum and energy. These principles

can be expressed in the form of partial differential equations. Der-

ivation of these equations are found in standard fluid dynamics texts

such as those by Lightfoot [10] or Batchelor [1l]. For simple two-

dimensional flow they are:

Equation (1) is the continuity equation, and equations (2) and (3) are

the Navier-Stokes equations for two-dimensional incompressible flow.

In these equations, u and v are velocities in the x and y directions

respectively, p is the density of the fluid, and p thé°bressure in the

fluid.

Since blood is a viscous fluid, in our particular study involving

incompressible rlow, we must consider the effects of viscosity.

This results in the set of equations:




) 3 d 2 =
p(—g% + ug":- + v-al) +¢3§- = —li(i-E + -a—u), (5)
y ax2 dy2

T T [ D g o O ey 10 e By O T Y e ey oy W
P k- S . :

3 3 2 2
A T AR e PR () 5
Yy Yy 9% ay2

where jp is the viscosity of “he fluid.

Dividing egquations (5) and (6) through by p, we get:

- 2 2
3 -g—z+v-g—;+v~gl+-g—ﬂ=—v(§—!+§-—‘2’). (8) !
‘ﬁ Y Y ax2 ay g

Here v = p/p, the kinematic viscosity of the fluid, and @ = p/p.

In the more familiar vector form these eguations are:

e

V.eda = 0 (9) |

-
MW . @ vy m-ve o+ W (10) ;

The motion of the fluid is described in equation (10) in terms of:

1. (3 . V)G The convection of momentum by fluid motion.

2. -Vg@g The momentum change due to pressure forces. %

-5
3. vV2u The diffusion of momentum by viscous forces.
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Equations of this kind cannot be solved analytically. However,
approximation methods have been devised which, with the aid of the

modern computer, can realize extremely good solutions to fluid prob-

lems. One class of such methods is that of finite differences. The

use of such techniques is discussed at length in Forsythe and Wasow [12],
and Varga [13]. The techniques used by the present investigator are

of this class.

4 B, FINITE DIFFERENCE TECHNIQUES

Fundamental to most numerical techniques for the solution of par-
tial differential equations is the fact that the derivatives of a func-
tion can be expressed in terms of values of the function or differ-
ences in values of the function at different points in the region
over which the function is defined. Given an arbitrary function
U = U(X), and assuming that U possesses a sufficient number of deriva-
tives, the value of U at two points X and X + h can be related by the

Taylor's series expansion

U((X+h) =0 (X) +U0' (X) h + ...

g @Dy g2l gy (11)

goe T 1
(n-1)!

:‘Jlb‘

1 where Xl lies between X and X+h. As h, the incremental distance
4

3 between these two arbitrary points, is allowed to become very small,

k- the high order terms of the expansion approach zero, and can be
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lumped together as an error term., Now expand Ui+ and Ui— in a

1 1

Taylor series expansion about the central point u;.

; U(x)
] 1 Ui+l

: u T
: .
/ .

. 1l A oA L ST L A SN e T e m i, U~ AT

«<h—

> X

i-l i itl

Figure 4

Using a Taylor's Series to Approximate
the Function U = U(x)

Bl s BT T MRl

This results in the two equations:

. 2
u. =U. - h du + h2 d‘u h3 du + 0 h4] (12)
i-1 i dx 2
dx dx

w
P

=ik

and

2 3 ;
du 2dnu 3du 4 i

i+l Ui + h ax + h > + h 3 +0([h], (13)
dx dx

(=}
]

where all derivatives are evaluated at the point X = i, Subtracting ;
equation (13) from equation (12) gives the three point, central finite

difference formula for the first order derivative of U at X = i as i

1
(=]
SR

e —w— + 0[h 1. (14)

e AR




Similar derivations give the forward difference formula

il + 0 [h].

The usefulness of these difference formulae can be demonstrated

by considering a simple differential equation:

F (x,2) , z(x,) = z,.

The derivative gﬁ- at the point x, can be approximated using the for-

ward difference formula of equation (15) as:

dz
o ~ (18)

Applying this approximation to the given differential equation (17)

z(xj) = z(x,) + hF (x,,¥,) (19)

gives an approximation to the solution of equation (17) at the point
xl.
Clearly, successive applications of this difference scheme will

result in solutions to the equation for all values of x for which the

function is defined.




Extending this derivation to functions of two variables also re~

sults in the central difference forms useful in the solution of partial

difference equations:

2
ou _ Uit1,3 " Ui,y *OLR L

2h

ox

2
2w _ Yi1,3 T %i,5 YU,y toOLE L
3x2 h2

82u

9x 0y

2
Similar forms exist for du 2—%» and

r
3y 3y

An equation which frequently appears in studies of fluid dyn-

amics is Poisson's equation

g (x,y).

Consider solving this equation over some region R with some appro-
priate boundary conditions along the boundary B. By superimposing a

square mesh on the region R, as in Figure 5 , the finite difference

forms of the derivatives at the point (Xlﬂl) can be written

Bty e
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Figure 5

The Use of a Mesh in Deriving Finite Difference Equations

U (Xo Yl) - 20 (XIYl) + U(XZYl)

h2

u (Xl,Yo) - 2U (xl,Yl) + U(xl'YZ)

h2

Using these approximations, equation (22) can be written as
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U(Xo,Yl) + U(XZ'Yl) + U(Xl,Yo) + U(leZ) - 4U(X1,Yl)

h2

(25)

- G(Xl,Yl)-

An analogous equation may be written for every point interior to
B, being careful to use the appropriate boundary conditions for points
near B. This leads to a system of linear equations 1 the unknowns
U(xi,Yi) which can be solved for by some iterative technique. All of
the methods discussed in this paper are based on this use of finice

difference equations.

C. STREAM FUNCTION AND VORTICITY

In general, solutions to problems in fluid dynamics are diffricult
to obtain. The most popular technique for simplifying the equations
has been the introduction of stream function and vorticity as primary
variables,

In considering the flow of an incompressible fluid, the mass con-
servation equation

dp C (ol) =
Y v (pU) 0 (26)

reduces to the statement that a vector divergence is zero. If the flow
field is two-dimensional, this vector divergence is the sum of only
two derivatives. From the mass conservation equation given previously

in equation (1) it follows that udy-vdx is an exact differential,




say equal to dy. Then

(27)

In this way we have used the mass-conservation equation to replace the
two dependent variables u,v by the single dependent variable {, which is

a very valuable simplification in many cases of two-dimensional flow.

Y
A

L] AY

> X
Figure 6
Derivation of Stream Function
The scalar tunction y is now defined by
¥- ¥, = [(udy - vax), (28)

where y, is a constant and the line integral is taken along an arbi-
trary curve joining some reference point O to the point P with coordin-
ates x,y, as shown in Figure (6). From this we can show that the flux
of volume across the closed curve formed from any two paths joining O

and P is necessarily zero when the enclosed region is wholly occupied




by incompressible flow., The fiux then is independent of the path, and

defines a function of the position of P. Since the flux of volume across
any curve joining two points is equal to the difference between the

values of y at these two points, it follows that ¥ is constant along a

streamline. ¢ is therefore termed the stream furction.
Another important concept in simplifying the equations is vorticity. 5

The vorticity, or rotation, of a fluid is given by

e e A e = e o

R (29)

Again, restricting analysis to two-dimensional flow, there exists only

e el
NE =

one component of vorticity, namely

Ju v

wz -é-; - '3-)7 . (30)

Almost all of the solution techniques that this author is ac-

quainted with use stream function and vorticity to simplify the equa-

tions of fluid flow. A few of these techniques are outlined below,

e e

D. SOME PREVIOUSLY USED NUMERICAL TECHNIQUES

One of the earliest attempts to solve numerically a problem of

time dependent two-dimensional incompressible viscous flow was done by

Fromm [l14] at Los Alamos. Fromm's use of stream function and vorticity

& st fe s o Lt L

is representative of most numerical techniques.

Taking the curl of equation (10), and using the definition
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of vorticity of equation (29), results in the vorticity transport

equation

!
W o g2, X e B (31)

i It dy  9x ax 9y
1

1 The definition of vorticity (29) can be written in terms of stream

function

b = —%—vw. (32)

e T MR

This equation is a Poisson's equation, and can be solved by some itera-
tive technique, using finite differences as outlined previously.
Fromm begins with some initial guess for his solution. Time is

then advanced, and a finite difference form of equation (31) is used to

compute new vorticities thoughout the mesh. Using the updated vorti-
cites, equation (32) is solved for the V¥ field. An improved Liebmann's

method was used [15], taking advantag: of any available advanced values
: l

of neighboring points. The iteration continues Pntil the field settles
l

down. Finally, new velocity components corresponding to the updated ¥

values are calculated, and then used to obtain chrected vorticity

v L T T T

values at walls and obstacles. This process is then repeated until some 1

appropriate convergence criterion is satisfied.

:
Fromm's method suffered from a poor approximation of the boundary E
i

conditions, and the requirsment for stability and accuracy of excess-
ively small time steps. Steps to improve the application of the boun-

dary conditions and the iterative procedures were taken by Pearson [16],
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and Esch (J7], Stream function-vorticity methods still have several

difficulties, First, the boundary conditions are difficult to apply,

et L A

especially to a free surface, Second, extension to three-dimensions
and cylindrical coordinates involves a great effort. These difficul-
ties have been overcome by solving the Navier-Stokes equations in terms
of the primary variables velocity and pressure. This work was done by

Harlow et al. |18] at Los Alamos.
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CHAPTER FOUR

THE DEVELOPMENT OF THE NUMERICAL METHOD

A. THE MARKER AND CELL TECHNIQUE

Developed at Los Alamos, the Marker and Cell [19] (MAC) technique
for computing time-dependent, viscous, incompressible fluid flows in
several space dimensions, was the first such method to use the primary

variables velocity and pressure. The MAC technique utilizes the full

Navier-Stokes equations, without the usual simplifying assumptions.
The MAC methodology as described here forms the basis for later devel-
opments which were used in this research.

!
The Solution Technique

{ The MAC method uses two coordinate systems. The primary coordinate
system covers the region of interest with a rectangular mesh, each cell

of dimension §x by éy. If the cells are numbered by indices I and J,

such that I counts the columns in the X direction and J the rows in the

Y direction, then the field variables describing the flow field can be

positioned as shown in Figure 7 .
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Figure 7

Location of Primary Variables in MAC Finite Difference Grid

The variables are placed as shown in order to maintain conservation. If
the field variables are placed at the cell centers, the finite differ-
ence equation for pressure would require the involvement of the next
layer of cells beyond that which immediately surrounds any central cell
in order to attain rigorous finite-difference mass conservation. This
means that the solution technique becomes much more complex, in addi-
tion to the inaccuracies introduced by using far-distant quantities.

Besides the coordinate system attached to the finite difference
cells, there is a coordinate system of particles whose motions describe
the trajectories of fluid elements. The marker particles serve two

functions: first they show which cells are free surface cells. Second,
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they show the motion of the fluid as it passes through the computing

region.

‘"he calculation is carried out by advancing the entire fluid con-
figurat'on through a small, but finite, time increment. The results
of each time cycle acts as the initial conditions for the next one, and
the computation continues as long as the fluid motion is of interest.
The steps in each cycle are outlined below:
1) The pressure for each cell is obtained by solving a finite-differ-

ence Poisson's equation, whose source term is a function of the vel-

ocities. This equation was derived subject to the requirement that
the resulting momentum equations should produce a new velocity field
that satisfies the incompressibility conition.

2) The full finite-difference Navier-Stokes equations iare used to find
the new velocities throughout the mesh.

3) The marker particles are moved to their new positions, using for
their velocities simple interpolated values from the nearby cells.

4) Bookkeeping processes are accomplished related to the creation or

destruction of surface cells, the input or output of particles, the
advancement of a time counter, printing or plotting results, and

numerous similar matters.

The Finite Difference Equations

Returning to the Navier-Stokes equations, the finite difference

form of equation (9) can be written for MAC usage as

b
i
i

i
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e o e

1
: D,, = o (u -u ) + s (v -v ) (33) 3
i ij Toex  Uitl/2,3 i-1/2,3 T 8y Vi, 34172 T Vi, 4-1/2 i
The incompressibility condition then becomes g
. . =0 (34) |
3 ij ‘
which is required at every cell, at every time step. Rewriting equation i
(10) as
-
B oo @ - o+ R, (35) |
At 1
{
The finite difference equations can be written {
1 n+l

b u, L~u, A N § 2 2
St (1+1/2,j i+l/2,3 = x [(ui,j) (ui+l,j)] J
i

- _l (uv) o (uv)
Sy i+l/2,j-1/2 i+i/2,3+1/2 ]
Yg - = (b, .- b L)
x 6x '"i,] i+l1,3

1
—_— + - R
M sz (ui+3/2,j ui—1/2,j 2ui+1/2,3

1 -

& by Wier/2,941 ¥ Yi41/2,5-1 " 2“i+1/2,?j

(36)
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and
L [ ntl -v =2 | (v - (uv)
st i,j+1/2 i,79+1/2 8x i-1/2,35+1/2 i+1/2,5+1/2
1 2 2
* oy Evi'j) i “’i,j+1’J
1
g+ = (¢ ¢ )

1
v o Vie1, 34172 F Vi-1, 54172 25 541/2)
+ —i—-(v + v =2v
6yz i,j+3/2 i, j-1/2 i,3+1/2)f ,

(37)
where gx and gy are the gravity components. Equations (36) and (37) are
immediately available for computing new velocities, and ir. fact are the
equations used in step (2) of the computing technique outlined previously,

Now it is only necessary to find an equation for the pressures, In

order to do this, first define

ey 1 2 2 2
e A . + . . - 2(u, .,
Qlj ze (u1+1,3) (ul—l,]) (ul,])

1 2 2 2
+  — + ) - 2(v, .
2 (vi,j+l) (vi,]—l) (vl,J)

t oy | isaz2, 54172 Y 510 5002 T )50 5010

- (uv) i—1/2,j+1/;—| i (38)
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From equations (36) and (37) it follows that
1 n+l _ 1
St \ Pig TPy T T %y T Oy gt byt 20
. (¢ . +¢i, - 24, '::
gy 1dtl d-1 i3 §
Y ;
A e N R R U WU WA J) INE ™)
Sx ] 1 J %3 Sy 1, 1,] %] }1
By setting Din+1j = 0 in this equation, the fundamental equation for J
! ]
finding the pressures is 3
"3
_ 1 (¢, ...+ . . -2, ) =-R, . i
12 (¢i+],j + ¢i-],j 2¢1'j) + —6 > i+l iJ-1 15 3] 2
8x o (40) i
) |
where 1
5, |
R ¥%,4” Toe 1
&
1
-V —l—-(D. .+ D, .= 2D, .) + —}—-(Q . + D -cv, )
6x2 i+1,3 i-1,j 33 6y2 i,j+1 i,j-1 i5 5
(41) i
!
Equation (40) is a Poisson's equation, and must be satisfied ky some :
3 .
iterative method. % é
i

Boundary Conditions

Rigid walls, inflow boundaries, and outflow boundaries are confined

to follow cell boundaries. This means that all side or obstacle walls

must be horizontal or vertical.
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If the wall is to allow for Free-slip (i.e. there is no friction
between the wall and the fluid), then whenever an equation calls for use
of an exterior tangential velocity, the calculation simply uses the
value of the tangential velocity at the image point back in the comput-
ing region. If an exterior normal velocity is required, the negative
of the image value is used so that the normal component of the velocity
in fact vanishes at the wall.

If the wall is no-slip (i.e. the tangential component of the fluid
velocity = 0 along the wall), then the exterior tangential component
must be the negative of the image point. In order that Dij vanish for
exterior cells, this requires the external normal velocity components
to have the same value as they do at their image interior points.

Expressions relating the normal difference of the pressure to the
normal component of the body force and the viscous diffusion of normal
momentum are contained in the momentum equations. These expressions

supply the needed boundary information for solution of the @-equation.

B. SIMPLIFIED MARKER AND CELL TECHNIQUE

It is the application of these boundary conditions in the @-equa-
tion which makes the MAC method unduly complicated. In addition, the
solution of the Poisson's Equation is very difficult, and does not lend
itself well to fast solution techniques. 1In order to overcome these
difficulties, the Los Alamos Group modified the Marker and Cell method,
making it much simpler to work with.

The procedure for each computational cycle as outlined by Amsden

k.
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and Harlow [20] is outlined below:
1. A tentative field of advanced-time veloci-
ties is calculated by using an arbitrary pressure

field within the fluid, but with a pressure boundary

18 B AT L AR X MO S

condition at the free surface satisfying the normal
stress condition. Correct velocity boundary condi-
tions assure that this tentative velocity field con-
tains the correct vorticity at every interior point
in the fluid. The tentative velocities do not, how-
ever, have V-K = 0.
2. The tentative velocities are modified to
their final values so as to preserve the vorticity at i
every point. A potential function is employed, de-
termined by the reguirement that it convert the ve-
locity field to one which satisfies the incompress-
ibility condition everywhere.
To begin, the basic equations (7), (8), and (1) are rewritten to 4

make use of cylindrical coordinates:

K- St

3_V+_£&+§!i=_i‘k+g TN ?.‘i_a—"- (43) ;
ot r® or dz 9z = °z @ 3r az  ar |’
and

bz 3§z“+g—;’=o. (44)
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The velocity components, u and v, are respectively in the r and z
directions, and the pressure, ¢, is normalized to unit density. Plane
cartesian coordinates have a=0, and cylindered corrdinates have o= 1.
Writing the fiuite difference forms of these quations, specifying

the advance time velocities with a tilde:

~n+l n

Divl2,3 " Yivi/2,5 T
8t
raun un - ra un un
iYi+iz2,3 Yi-1/2,3 i+l Yi+3/2,3 Yiv1/2,4
a 1
Ti41/2%%
un vn _ un vn
. i41/2,3-1/2 Ti41/2,3-1/2 i+1/2,3+1/2  Vi+l/2,3+1/2
8§z
b 84, 0i+l,]
g + +
: 8r Iy
1 n n 1
s +
ez Wiviz2,900 % Yis1s2,5-1 T PMisrgz,d)
e A - v -V + v )
Srdz i+l,3+1/2 i+l,3j~1/2 i, j+1/2 i,j-1/2
(45)
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;n+l -0
i,3+1/2 i,j+1/2 -
St
3 o n n o n n
j r, u, : v, . - r, u, . v, 3
3 i-1/2 "i-1/2,3+1/2 "i-1/2,3+1/2 i+l/2 “i+1/2,3+41/2 “i+1/2,3+1/2
: r8r
; i
j o o - o
o _iid*l/2 "1,3-1/2 i,9+3/2 i,j+1/2
8z
0i,J - 0i,j+1
A +
: v §z Iz
] o WP
v a i+1/2,5+1 i+l/2,7
" o | Fiengn ! 8z
r. dr
i
A, vn -vn
: _ _i+l,4+1/2 i,3+1/2 )
Sr i
3 o - P o -
- ( i-1/2,9+1 i-1/2,3 _ “i,j+1/2 i-1,9+1/2 ) (46)
i-1/2 8z Sr !
and
&2 un+]. = e un+l
Dn+1 - _i+1/2 Ti+1/2,5 i-1/2 "i-1/2,3
ot roor
i
- n+l n+l
Vi, j+1/2 " Vi, j-1/2
4 ¢ 2 : =0 . (47)
E 8z
2 The finite difference approximation can now be written for the
vorticity as:
u? - ul
0 _ _i+l/2,3+1 i+1/2,5
i+1l/2,9+1/2 ~ 8z
vl -V
i+l,j+1/2 i,j+1/2 .
- 5T (48)
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Equations (45) and (46) can be combined to give a vorticity
transport equation. This equition can be shown to be independent of
the pressure field, 9. This means that any field of pressure inserted
into the Navier Stokes equations will assure that the resulting
velocity field carries the correct vorticity. This velocity field,
ﬁowever, does not satisfy the condition that Di,j vanish for each cell.
It is necessary then to convert the tilde velocities into a final
velocity field so that Di,j = 0 for every cell. This must be done so
that the vorticity already determined is preserved. This implies that
the change in velocity be given by a gradient of a potential function,

which will be called B. This can be written

n+l _ mntl 1

Ui+1/2,j - Ui+1/2,j Sr ( Bi.'.l'j Bi,j ) (49)
n+l _ ~n+l _ 1 _

Yigerz2 T Visen2 T 87 OBy e T By, ) (50)

Now, with equation (47) and equations (49) and (50), it follows that

n+l ~ 1 o
D, . =D, ., - ——— |r, (8. .= B, .
i,J i,j r:6r2 [ i+l/2 i+l,3 B1,3 )

o
T Fie1z2 UBy,5 7 85,y ’]

1
- — + - .
5.2 Py gan ¥ By 5e 28y 5) 6al)
Since it is required that Dz+; Z 0 for every cell, the value of Bi i
1 ’

for every cell can be expressed as




e ¢ 8K
B, . = , 2 2
i3 GZre2

r V4

. Bh h+1
i+l/2 "i+l,j + xr-1/2 "i-1,3

- Di,j +

- r,6r2
i

h h+1

Bi,j+1 + Bi,j-l—l_ aB}il .
5 2 J 22
¥4

+

Here, h indicates the iteration number, and a an over-relaxation

parameter. The iteration sequence proceeds until appropriate convergence

criteria are satisfied.

ARBITRARY BOUNDARY MARKER AND CELL TECHNIQUE

DS T e T TR Y

The restriction placed on most finite difference schemes, that the

boundaries of theproblem must lie on the computational mesh, is most

severe. In effect, this means that one must restrict his problem to
having rectangular walls. In the particular application of the heart
valve, it is certainly desirable to have boundaries of any arbitrary
shape.

Mr. J.A. Viecelli developed 2 aeneralization of the Marker and Cell
Technique at the Lawrence Radiation Laboratory [21]. Known as the
Arbitrary Boundary Marker and Cell Technique (ABMAC) it treats the fluid
boundary at an arbitrarily curved wall or obstacle as a free surface,
to which a pressure is applied such taht the particles at the boundary
move tangent to it. In order to calculate the pressure along the free
surface, the usual MAC iteration formula is replaced by a simultaneous
scheme proposed by Chorin [22,23].

Using centered differences in a cylindrical coordinate system,

equation (7) can be written
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HeE u? - 2u] +u
A22 i+l/2,3+1 i+l/2,3 i+1/2,3j-1

At vn _ vn _ vn i vn
ArAz i+l,j+1/2 i+l,3j-1/2 i, j+1/2 i, j=1/2
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4 (53)

By combining the old velocity, advection, body force, and viscous

terms, and calling the resultant , equation (53) becomes

n
Ni+1/23

n+l n At
., =N, " e NEBmes — 1Bl e
ui+1/2,] n1+1/2,] pAx [ i+17 Pl]l (54)

Similarily the finite difference form of equation (8)

n+l _ n At 2. " o

v = v - = ] (V") - (v2) el —P - P
i, j+1/2 i,341/2 Az i, j+1 ij phz ij+l ij

At

(rauv)n - (rauv)n - g At
i+1/2,3+1/2 i-1/2,3+1/2 b2

‘—\)—At—‘ (un = un ra n n o i
raraz |\ 1¥1/2.341 0 A*1/2,3) L, -(ui-l/z,j+l - “1-1/2,j> ri-1/2

E VAt o -0 & [P - -
4 raArz ij+l/2 i-1,3+1/2 i~1/2 i+l,3+1/2 i,j+1/2})7i+1/2
(55)

" can be written as

Ii' Vn+l = En - .A—t_ P - P
o i,j+1/2 i,3+41/2 ~ pbz ij+1 i3 g (56)
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where g? 341/2 represents the old velocity, advection, body force,

and viscous terms in the v-momentum equation.
According to Chorin's derivation, the pressure and the advanced

time velocity fields may be solved for simultaneously using the

relationship
. . NN ¢
PPl o pt e (v-v“+l 2 = (57)
1] 1] 1]

The iteration scheme is as follows:
1. Equation (57) is used to compute a new pressure field.
. The new pressure field is substituted into equations (54)
and (56) to obtain the new velocities.
3. These new velocities are used to compute new values
of the divergence.
4. Repeat the above segquence until some convergence

. 4 n n
criteria is reached. Note that ni+1/2,j an Ei,j+l/2

need not be recomputed at each interaction.

In order to maximize the time step, the iterates

Un+l el Un+1 i+l Vn+l ik and <Vn+l L
i+l/2,5 "\ Ti-1/2,3 ! i,j+1/2 i,j-1/2

" '
must be recomputed as soon as Pi ? has beepn obtained for a cell, and
!

before advencing to the next cell.

The pressures in boundary cells must be computed in a slightly
different manner. Instead of adjusting the pressure proportional to
the divergence or net flux out of a cell, it is adjusted proportional

to the flux across the boundary relative to coordinates fixed in the

boundary. This means that if liguid is flowing across the boundary the

vt
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pressure will be increased until the outflow stops. If liquid is
tending to separate from the boundary the pressure will decrease until
the liquid flows tangent to the boundary. This is accomplished through

the use of the following equation in boundary cells.
Pi+1 _ Pi At Vn+1 i -3 ( t)‘ ~x2
i, Fi,97 3 p | TV v “}ij (58)
- ’

Here n is the normal defining the boundary segment associated with
the cell (i,3), Vb(r,t) is the velocity of the midpoint of the segment,

= :
and (V;H)l is the liquid velocity at the midpoint of the segment. At
and 6 are the relaxation parameter and the mesh width respectively. The
inclusion of the velocity of the boundary segment.means that the boundary
not only can assume an arbitrary shape, but can move relative to the
computing mesh as well.

The capability of a boundary to assume an arbitrary shape and to
move within the computing mesh is of great use in thelstudy of blood

flow problems. The flexing leaflets of the natural heart valve plus

the motion of the sinus of Valsalva in the aortic root area are examples

of needed flow calculations over objects whose boundaries undergo
large deformations. 1In turn, components of heart valve prostheses move
about in the computing mesh, requiring the same capability in the
computational technique.

Consider the computing region shown in Figure 8. Its shape

corresponds to the in-vitro experimental chamber of Weiting [9]. The

& flow is from the left verticle, through the open valve, into the aorta.
Since the geometry of the valve is symmetrical about a line drawn

through its center, we can solve the problem by considering only one
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|1 half of the region. In Figure 9 the computational mesh has been placed

over the

half of the

computing

region we
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wish to

consider,

g and it has

been placed Figure 9 \

Because of symmetry, only half
of the region need be considered.
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1 Looking at a portion of the boundary as it cuts through the
T
A ; computational mesh, we can visualize the ABMAC technique for describing

an arbitrary, moving wall. In Figure 10a the boundary has been

approximated in each cell by a straight line connecting the intersections

e B S

of the boundary with the cell. The position of each segment is then
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specified by a unit vector normal to the segment, with its base located

at the mid-point of the segment.

points towards the fluid, and to the left as one advances from the i

The convention is that the normal

th

., .St : : . :
to the i+l boundary point. Also associated with each segment is a

velocity vector, defining the motion of the wall. 1In this study, such

velocity vectors would result from programming the pulsing motion of

the walls, and the motion of the ball as a result of pressure changes in

the system.

Figure 10a

Boundary is approximated by
straight line segments connecting
the intersections of the cell
walls with the boundary. 0Unit
vectors normal to the segment and
pointing towards the fluid are
positioned at the midpoint of
each segment.
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Figure 10b

When the liquid fraction of a

cell is too small, the boundary
flag is turned on in a neighboring
cell. 1If that cell also contains
a boundary segment, the two
segments are replaced by one by
removing the boundary inter-
section between the two cells.

Having determined in which cells the boundary lies, the cells are

appropriately marked. Cells are marked as FULL, EMPTY, or BOUNDARY. The

boundary is approximated by flagging a boundary cell as such, only if
g

G g
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the liquid fraction of the <otal cell is greater than a specified fraction,

i as shown in Figure l0a. If the liquid fraction is too small, the program

determines the neighboring cell that the boundary segment normal points
?; closest to, and turn on the flag for that cell. If that cell also

: ! contains a boundary segment, the two segments are replaced by a single

Ch o e

segment, constructed by removing the boundary intersection between the §

{ two cells. This is illustrated in Figure 10b.
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within the region. Figure 11 is an actual computer generated picture of

’ Finally, marker particles are introduced to visualize the fluid
I

the completely described computing region.

Figure 11

Completely Described Computing Region
Including Marker Particles




CHAPTER FIVE

INTERACTIVE COMPUTER GRAPHICS

The cathode ray tube display was used as a computer output device

as early as 1956. The early Whirlwind computer at MIT used CRT displays
to plot curves and grapns. However, the first significant use of a CRT
display as an interactive device was demonstrated by Sutherland with

his Sketchpad program [24]. Sketchpad exhibited the two basic functiouns

of an interactive display device. First, it was used as an input/output

device that could accept or display data in pictorial form. Second,

it could be used to control the sequence of the program. Since this

demonstration of interactive computer graphics, it has been found to
be a valuable tool in many programming areas. Text editing [25],
conversational mathematics programs ([26], circuit design [27],

mechanical design (28], and structural analysis [29], are some of the

areas in which interactive computer graphics has been found to be
useful.

Because fluid dynamics problems are extraordinarily complex, they
tend to absorb the computational power of available computing systems.
A single solution may consume several hours of CPU fime on the most
powerful of today's machines. As advances are being made in numerical
methods, and in the understanding of the equations of fluid dynamics,
concurrent investigations must be made in developing newer and faster
computing techniques. The computer user needs to think of today%
computer as more than just a very big, very fast calculator. There are

many ways in which these machines can be used to create an effective
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problem solving system. One such way is the addit on of interactive
computer graphics.

The role that interactive graphics can be expected to play in the

study of fluid dynamics should be carefully evaluated before a large

scale commitment to computer graphics is made. One area for consideration

is the application of computer graphics to the display and interpretation

of results. Digital plotters have been around for many, many years,
helping computer users visualize their results. A picture may be worth
a thousand words, but in the case of computer generated data, a graph
or a plot may be worth over a thousand numbers. When working with a
real world physical problem, the computer user wants to see a real
world representation of his solution. He wants to see a picture, not
rows and rows of numbers,

A system where this kind of graphics is used interactively has
been proposed by Fromm and Schreiber [30]. Their approach has been
to have the program which computed the solution to the fluid problem
write a data set out onto a direct access storage device. Another
program, running interactively can then read the data, and under user
control provide a variety of interpretations of the data. A diagram
of this scheme is shown in Figure 12.

Especially applicable to Marker and Cell type techniques is the
making of motion pictures of the fluid simulations. A number of films
have been made [31,32] showing the power of su.h techniques. As the
marker particles are moved in each computational step, they are
plotted and photographed. The resulting sequence provides a most

graphic display of the fluid motion.
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Graphic Analysis Program
] (Fromm and Schreiber)

Another area in which it seems that graphics can easily be applied
is the description and input of the problem to the compriter, Still
bound to ideas associated with batch processing, most problems are
carefully drawn out by hand, measured and detailed and the resulting
data punched into cards. It would seem much & :tter to present the
computer the data in a more natural way, where the user could sit down
at an interactive graphics terminal, and draw the region in which a
solution would be of interest, specifying the various parameters as
the program requested them. In methods such as ABMAC where the
specification of boundary segments and the correct flagging of
computational cells is critical, the ability to quickly see the results
of the input andspecify the appropriate changes would seem to be very

desireable.

A third area worthy of attention is that of graphically monitoring

and interacting with the executing fluié computation. Although this
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idea has been considered by previous investigators (33,34}, it was not
developed to its full potential. The basic idea is very simple. 1In
any complex numerical problem there are several factors which can
affect the solution to that problem. In a finite difference problem,
these typically are the mesh size, the time step, and the relaxation
factor. Other factors which may be of importance are the convergence
criteria, the differencing technique, and the proper use of boundary
conditions.

In working with problems in fluid dynamics, it becomes very
apparent that no two problems are alike. Given the same initial
conditions, “he same boundary conditimns, but changing the geometry
of the problem even slightly, may mean that a whole new set of convergence
criteria may be necessary to solve the problem. Perhaps one problem
converges very quickly but one diverges unless a different time step is
used. Each problem must be considered as a Separate entity. Certainly
dunps of pertinent numbers can lead the user to the correct choice of
conditions to allow him to reach the correct solution. The question is
how can this process of getting into the solution space of the problem
be made more efficient. The obvicus choice seems to be interactive

computer graphics.

The interactive computer graphics facilities at the University of
Utah consist of a PDP-10 time shared computer running under Tenex, a
PDP-9 computer, four Univac 1559 CRT displays, and the associated

hardware interfaces. Figure 13 shows the basic configuration of the

system.
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Figure 13

Configuration of Interactive Graphic System
at the University of Utah

The PDP-10 is a 36 bit machine. It has sixteen high speed

integrated circuit registers which can be used as accumulators,
normal memory, and/or index registers. The memory bus structure of
the PDP-10 gives the central processor and high speed data channels
simultaneous access to separate memory modules. The bus system allows
each data channel to transmit full 36 bit words at speeds of up to
one million words per second.

In conversational time sharing, up to 63 users at local and
remote locations can simultaneously develop programs on remote

consoles, and receive answers to mathematical or éngineering problems

in seconds. The time sharing monitor provides instantaneous response

for the users, so that they can perform on-line composition, editing,
and debugging of programs in FORTRAN IV, MACRO-10, BASIC, and AID.
The monitor can handle any mixture of these languages and programs

concurrently.




43

The PDP-10 at the University of Utah is configured with 96,000
words of core storage, 8 dec~tape drives, and 6 disk pack drives. Each
disk pack is capable of holding over 5 million words of information.

Attached to the PDP-10 through the DA-10, a communications device,
is the PDP-9. The PDP-9 is a single address, fixed word length (18
bits), binary computer. The configuration here has 8,192 words of
memory. The function of the PDP-9 is to act as a satellite computer to
the PDP-10. It processes interrupts from the displays gathers data
to be sent to the PDP-10, and acts as a multiplexor for display infor-
mation coming from the PDP-10. 5

The Univac 1559 is a high speed, buffered, line drawing display
which was designed as a cooperative exercise between the University
of Utah's Computer Science Department, and the Univac Division of
Sperry Rand Corporation. The Screen of the 1559 has a useful viewing
area of 10" by 10". Positions on the screen are specified in cartesian
coordinates, in which the origin is placed at the bottom left hand
corner of the screen. The top right hand corner is the point (1024,
1024).

Display files are held in the displays owna memory, a 4096 by 16
bit core memory with a cycle time of 1.4 microseconds. The 1559 has
its own program counter, called the list counter, which is used to
access sequential display instructions.

All lines are drawn on the screen in a relative mode, i.e., they
are defined by their length in the two axis directions, and are drawn
from the position currently defined in the X and Y registers. The time
taken to display a normal vector is 2 microseconds. Beam repositioning

takes 32 microseconds or less, depending upon the distance involved.

e
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Associated with each display is a mouse, and a teletype. The
mouse is a craphical input device, consisting of a small plastic box
in whose base two potentiometers are mounted. The mouse rests on two
metal wheels, whose axes are horizontal and at right angles to each
other. Each wheel is connected to one potentiometer. As the mouse is
rolled around on a flat surface, its mcvement in two orthogonal

directions is reocrded by the rotation of the potentiometers. This

can be determined by applying a voltage across each potentiometer and

sampling the outputs through analog-to-digital converters. Push buctons

on the mouse give the user the ability to issue commands from the

mouse under program control.




CHAPTER SIX

GRAPHICS INTERACTION FOR THE ABMAC PROCEDURE

Regardless of how sophisticated the application may be, if the
graphics and interaction code are poorly handled it is difficult to
justify their use. Whatever advantage may be gained through the
addition of interiactive graphics can be completely offset because of
poor program design. In the kind of application being considered here,
there are two glaring problems which must be considered. First, any
problem involving finite differences is typically very large. In a
time sharing environment such as the one being used here, any increase
in core size becomes critical to the effective running of the machine.
Second, fluid computations absorb a great deal of computing time. A
solution may take more than 30 hours of computing time to complete.

For this reason, the time required for interaction and graphics should
not interfere a great deal with the actual computation time.

Work done by Carter [33] and Bennion [34] here at the University
of Utah is typical of the approach which has been used in implementing
interactive graphics in a large scale numerical application. Figure 14
illustrates the way in which this approach imbeds the interactive and
graphics code within the computational program. This implies several
drawbacks in light of the problems under consideration.

First, at each point in the computational program where one of
these imbedded pieces of interactive graphics occurs, there must exist
a sequence of code repfesented by the flow chart in Figure 15. This 4

adds a certain amount of program space to the already large finite

B R b b el g b i S e s S g
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4 COMPUTATIONAL
CODE

— A
‘\ \,. ’ U‘\N /
l ~INTERACTIVE OR

’ GRAPHICS CODE

Figure 14

Schematic of Imbedded Interactive Graphics Code

difference code, and requires the program process this overhead each
time that it is encountered. Suppose that some code of this nature
was placed in an iterative loop, and that that loop was iterated
through a hundred times per time cycle. That would represent a large
amount of overhead ina program where computing time was already
critical.

Second, consider what takes place when a display is required.
Since dynamic events are being modelled, each time an additional piece
of information is required to be displayed, a piece of code is needed
to describe that display. This means that there will be an additional
amount of program which will be proportional to the complexity of the
display both in terms of space and the time needed to execute it. Aas

the number and complexity of displays increases, the size of the

SRR L G LT LS ety et S T AR I R RN He Vo ¥



.
5 AR AT,

47 3
program grows, and the time required to display is taken from the total

computation time,

CREATE THE

DISPLAY AND

SEND TO THE
DISPLAY DEVICE

WAIT FOR THE
RESPONSE

Figure 15
Flow Chart for Imbedded Interactive Graphics -3

Third, consider what occurs when some user interaction is required.
i B Whenever the program expects a response from the user, it must stop
1 and wait for that response. When the response is received, the program

must make some decision or perform some branching based on the response.

{ Again, what this means is that the more often interaction takes place, 1
the more code the program needs, and the more time the program loses to :
computation.
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The proposed solution to these problems is simple; remove the
interactive graphics from the program. At first this may appear to be
a contradictory statement. How can an interactive graphics system be
written for solving a problem, when the computational program has no

interactive graphics. By splitting up the program as shown in Figure

16 , the solution becomes easy.

INTERACTIVE GRAPHICS
PROGRAM FOR PROBLEM

DESCRIPTION >
DISK
FILES
™
SSQESZQT””’“' | ___lANavLYsIS
PROGRAM
DISK
FILES
INTERACTIVE GRAPHICS
PROGRAM FOR DISPLAY
OF RESULTS fe———

Figure 16

Formation of Supplemental Programs

This system allows the investigator a great deal of freedom in
describing his problem to the computer. His input is not bound to
certain fields on punched cards, but can be more naturally input as he
manipulates figures on the face of the CRT. 1In this type of environment

he can alter the problem description and have immediate visual feedback
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of the changes he makes, and computation need not proceed until he is
satisfied with the problem he has described. A term that is often
heard in the computer community is "structured programming” [35].
In large software systems such as assemblers, compilers and operating
systems, people try to structure their programs in a nice way. However,
in the scientific world, it seems that this idea is often neglected.
In the system under consideration, it seemed that a very highly
structured program was a necessity. First, it is desirable to keep
the computational routines and the display routines completely
3eparate, and yet they must be able to communicate with each other very
freely. Also, the graphics routines themselves must be structured in
such a way as to allow the user the greatest possible degree of flex-
ibility, and yet be simple to understand and use. These considerations
pointed to the necessity of a modular program for implementing a
graphical ABMAC techniqée.

In quantizing the program, it seemed appropriate to study the
nature of the problem which it was intended to solve. Basically, the
solution consists of three components; describing the problem, solving

the problem, and displaying the solution. This is illustrated in

BigUEe, (i GRAPHICAL

ABMAC

DESCRIBE
THE
PROBLEM

SOLVE

THE
PROBLEM

Figure 17
Basic Components of a Graphical ABMAC Program




A. DESCRIBING THE PROBLEM

The problem description can be broken down into four different
components; setting the initial values of computational parameters,
describing the computational grid, describing the geometry of the
problem, and describing initial and boundary conditions of the fluid.

These steps are shown in Figure 18,

INITIAL DESCRIBE DESCRIBE DESCRIBE
VALUES FOR THE
COMPUTATION FLUID

Figure 18

Components of Problem Description
Each of these components can be broken down even further into
functional groups. It is at this level that the program was structured.
For example, consider the mesh description. This requires four
functional groups: a main or controlling program, a program to handle
communications with the user through the teletype, a display program
to give visual verification of entered values, and a routine to computer

various scale factors and constants for later use. The actual grid

is displayed in another set of programs.
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Figure 19

Components of Mesh Description

TQS entire system then takes on a tree-like structure. Putting

GHAPHICAL
ABMAC

INITIAL
VALUES

1 CONTROL TTY DISPLAY

- ( PROGR@ ( PROGRA:A ( PROGRAM )

Figure 20
Tree Structure of Graphic ABMAC Components

the pieces together as described above gives the structure of Figure 20.
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This kind of structure makes the code simple, easy to understand, and
interactive to a high degree. The following section will point out some
of these ideas, as the basic components of the program are discussed

i in detail.

; The Main Program

The main program in the input routines simply allows the user to
choose the type of input he wants to use. After initializing the
display system, the main program produced the display shown in Figure 21.

By pointing to one of the boxes shown, the

appropriate input program is called. "TTY"

and "DSK" allow the user to input all of

INPUT FROM:

previously constructed disk file. 1If he

]

|

' his data from the teletype or from a
H Ty
|

points to "TERMINAL", the graphical input

DIsK
l program is called and executed.

I TERWINAL

i
! Figure 21

Initial Graphic ABMAC Display
for Choosing Input Device

The Input Module

|

i

; This module is the actual driving module for the input programs.

l It gives the user complete control of the input for his particular
problem. In order to provide the user with some guide for constructing

his problem description, the input module produces the display shown in
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Figure 22. This display lists the various functions performed in a
typical problem description. The user steps through this list by

pointing to the function which he wishes

to perform next. As he points to an item
he pushes cone of the switches on the

mouse. This indicates to the program
FLUID

which function is desired. That program
CONVERGENCE
i CRITERIA

module is then called to be executed.

When it is finished control returns SR,
to the input module. The basic

HODIFY

structure of the input module is this:

JOUHE N E

Figure 22

Computer Display for Graphic
ABMAC Problem Description

1 CALL INPUT1
CALL WMOUSE
INY=(INY+128) /128
6o To (2,3,4,5,6,7,8)INY

_ CALL CHECK
; 2 CALL OUTP
1 CALL EXIT
3 CALL MOD
GO TO 1
4 CALL CNTRL
GO TO 1
5 CALL CONVG
GO TO 1
6 CALL FLUID
. GO TO 1
3 7 CALL FIGURE
: GO TO 1
4 8 CALL MESH
GO TO 1

END
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INPUT1 is the program which creates the display of Figure 20. WMOUSE
is a program which halts the computer until one of the mouse switches
is pushed. It then returns the coordinates of the mouse cursor in the
variables INX and INY. This is how the mouse it used in pointing to

objects on the display screen. By performing a transformation on INY

i R
<

and using a computed GO TO statement, the input module calls the

appropriate subroutine. As each subroutine returns, a GO TO 1 is

encountered which creates the list of functions again and waits for the
next user response.

The light buttons produced by INPUT1 are created in a program called
BOXES. The number of boxes desired is passed as an argument to the
subroutine. It computes the correct starting position for each box,

and then calls another subroutine named BOX which draws the actual

IR ———————— Bl e S e L e

box in that location.

The Mesh Description Module

This module allows the user to specify the computational mesh

upon which he wishes to solve his problem. The way in which this is
done illustrates another unique feature based on the structuring of

the program. It is desireable to ask the user to input all of the

P R

required parameters, so that none are forgotten. Once this is done the

o R b

program should allow him to selectively change any of the input values.

This is accomplished using a driving routine for this module which

| looks like this:

Do 1 I1=1,5

1 CALL MESHI1(I)
CALT. WMOUSE
INY=(INY+128) /128
IF (INY.GE.6)RETURN
CALL MESHI1 (INY)
END
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and MESH1 looks like this:

SUBROUTINE MESH1(J)
Go T0 (4,6,8,13,15),J
TYPE 5
FORMAT (1H ,'DR="',$)
ACCEPT 3, DR
3 FORMAT (F)

GO TO 18
6 TYPE 7

wm b

18 CALL MESH2
CALL SEND
RETURN
END

As the module executes, the following sequence of events occurs.
MESH1 is called 5 times, each time with a different argument. This
argument determines which of the parameters is to be requested from
the teletype when the value is typed in. Control is then passed to
MESH2. MESH2 puts up the display shown in Figure 23. Each time the
display is produced, it shows the most recent values of the input
mesh parameters.

Having gone through all of the mesh parameters in the DO LOOP,
tne driving routine calls WMOUSE in the

same manner as in the control module.
NO. OF CELLS

. , INZ =82
This way the user can point to a value

NO. OF CELLS
he wants changed, and push the mouse IN e 18

switch. This calls MESH1 with the CYL CO0RD

appropriate argument to change that

DZ=0. 2008
value. If he points to the top box,
DR=0. 2000
control returns to the input module.
Figure 23

Computer Display for Graphic
ABMAC Mesh Description




Figure Description Module

The purpose of this module is to allow the user to input the
geometry of his problem in a natural way. Initially the module

creates the display shown in Figure 24.

Pointing to INFLOW directs the

BOUNDARIES
program to accept the inflow boundary
conditions of the problem. Pointing

INFLOW
to BOUNDARIES directs the program to
accept the geometry of the problem.
L B . = RETURN

A program called FIG3 controls the
input on the geometry. 1Its first

Figure 24

task is to create the display shown
Computer Display for Graphic

in Figure 25. This is a display of ABMAC Figure Description

the computational mesh previously

described. The coordinate axes, the number of cells in the mesh, Dr,

and DZ are also displayed. The program is capable of accepting the

input describing the figure either from the teletype or the mouse. As

each point is entered, an arrow head is created and displayed, showing

the location of the point. A completely described digure is shown in

Figure 26. At the conclusion of executing this module, the completed

figure is created and displayed without the mesh, as shown in Figure

27. This figure is seen to be equivalent to half of the region of

interest shown in Figure 8. Because of symmetry only half of the region

need be considered. If the display produces a satisfactory drawing,

control returns to the input module.

e s e S i e i
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1
R AESH IS 18 BY B2 CELLS
DR=,2008, DI=.2¢90
Figure 25
Computer Display of Computational Mesh
y .
RETURN
1
MESH IS 18 BY B2 CELLS
DR=. 2000, DZ=.2908
Figure 26 Figure 27
Computer Display of Computational Computer Display of Final i
Mesh Showing Points Input to Figure Nescription

Describe the Curved Boundary




The Fluid Description Module

This module accepts the initial

conditions which are to be imposed on

the fluid. Using the display shown

|
in Figure 28, the fluid description

module operates in the same manner

as the mesh description module. The

variables input here include MU; the

kinematic viscosity of the fluid,

RHOA; the denisty of the fluid, NP, U 0.0
the density of the marker particles,
V, NOT; the initial V-velocity, and

U=NOT; the initial U-velocity.
Figure 28

Computer Display for Graphic
ABMAC Fluid Description

The Initialization Module

This module has been split into two different parts. The first
handl.es the input of the problem
parameters effecting convergence.
. . RETURN
The list of parameters is shown in
Figure 29, DT is the time step, EPS1 BETA0.450

is the convergence epsilon, and BETA

is the relaxation constant. Input of
DT=0. 00958

i1 1 1

these numbers is done just as in the
mesh description module.

Figure 29

Computer Display for Initializing
Convergence Parameters



The second portion of this module
handles the input of those parameters
effecting program control. These are
shown in Figure 30. NDUMP is the number
of cycles between creations of saved B SCETRTION
core images, NPIT is the number of pressure e
iterations allows per cycle, NSTOP is the
number of cycles to be run, and NEDIT is

NSTOP=509

the number of cycles between EDITS. FNAME

is the name of the file to be created with Will=2)

)

the output of this program, and description
is a short description of the program
which has been described. Input is done

in the same way as above. Figure 30

Computer Display for Initializing
Control Parameters

When the EXIT function is requested, the input program calls upon
two remaining subroutines. Although they serve important functions,
they were not included as separate modules. The first of these is the
CHECK routine. This produces the display shown in Figure 31. This is
a complete description of the input problem. The mirror image of the
description is rpoduced across the Z-AXIS, and the dimensions are
labeled. Also‘shown are the initial and input velocities, and the
text describing the problem. If this description is what the user

wants, he pushes the switch on the MOUSE, and the various parameters

describing the problem are written out onto a disk file. This is done
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using the subroutine OUTP. This routine organizes the data and writes

it out in the rorm ovpacted by the ABMAC routines.

STARK-TOWARDS BALL VALVE. ..

V-IN= -7.58 ¥-NOT= -10.98
U-IN= 2.00 U-NOT= .00

Figure 31

Computer Display of Complete Problem Description

B. SOLUTION OF THE PROBLEM

The use of interactive graphics in numerical problems was briefly
discussed in the previous chapter. One area under consideration was
the use of interactive computer graphics to monitor and interact with
the computational program. The computational code in this program is
based on Viecelli's ABMAC technique. Typical of finite difference
methods, it is very large. The addition of an arbitrarily shaped
boundary adds even more complexity to the program. If the design
goals of an efficient program are to be met, this program cannot contain
any code to do interactive graphics. It is still possible however, co

graphically monitor and interact with the computational program.
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b The structure of the TENEX system on the PDP-10 allows two jobs

l to simultaneously share core. Using this facility, a program can be

constructed which "SPIES" on the computational program, and visually
- displays what the computation is doing. This method of applying'

interactive graphics has the following advantages:

1. The spy program is completely independent
of the computational program. Small and
, compact, it adds no apparent load to the

overall computer system.

2. The computational program, running independ-
ently of the spy program can run completely

in the background, being detached from any

1/0 device.

3. The Spy program need only be run when desired.

Its presence puts no additional load on the
i- i computation program.

4, The computation program has none of the

s overhead normally associated with graphics

or interaction.

E | 5. Since the data space of the computational
program is available to the spy program,
parameters effecting convergence or program

control can be changed from the spy program.

. The mechanics of core sharing are straightforward. During the

initialization process in the computational program, the user has the

option of requesting that a shareable file be created. At this point,
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a file is created, and opened. Then pages from the fork containing the
computation program are mapped into the file. The computational program
is now free to run uninterrupted.

Whenever it is desired to examine the state of the computational
program, the spy program is run. The spy program immediately maps
into its own fork (or processing space) pages from the file created by
the computational program. Whatever pages have been mapped in this
way are actually now being shared by the two programs. This is

illustrated in Figure 32.

COMPUTATIONAL

PROGRAM
SPY /’/

PROGRAM___| 1.

Figure 32

Block Diagram of Core-Sharing Used
to Achieve Interactive Graphics

The spy program then creates the display shown in Figure 33. This
display presents to the user important information about the state of

the computation. In the center of the display are shown the cycle number

and the iteration number in that cycle. The display is dynamic in the

sense that these numbers constantly change to reflect the current state

of the computation.
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Figure 33

Computer Display of Current State of ABMAC
Computation as Produced by Spy Program

In the upper left hand corner of the display are shown the maximum
changes in the velocity components as measured during the current
iteration. As the problem converges, these values will approach zero.
In order to give additional meaning to the changes in velocity, the
maximum values of the velocity components as well as of the pressure
are displayed for the current cycle.

On the right hand side of the display are shown plots of the
divergence and the error term for the pressure iteration. Bars are
added to this plotc at each iteration, so that the convergence or
divergence of the iteration sequence can be monitored. The divergence
is given in equation (l). As is shown, it is required that the
divergence be equal to zero. In terms of the finite differences, this

will never exactly be true. However, it should approach zero. The

error term in the pressure iteration is

P TS AU R R ST

LR o
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ERROR:  PNORM/ENORM, (59)
where
PNORM = [ Pi (60)
i
and
2
ENORM = [ APi (61)
i

The spy program is constructed so that it sleeps as long as there
is nothing new to display. When a change occurs, it wakes up, makes
the appropriate changes or additions to the display, and returns to
a sleep state.

Along the left hand side of the display are five light buttons.
The first four of these are parameters which affect the convergence of
the program. By pointing at any one of these with the mouse, it is
possible to change the value of that parameter in the computational
program. EPS is the convergence epsilon, BETA is the relaxation
constant, NPIT is the maximum number of allowable pressure iterations
per cycle, and DT is the time step. The bottom light button, marked
SELECT, gives the user some control over the course of the computation.

‘Pointing at the SELECT light button results in the display shown

in Figure 34.

Nt ity it i i i |
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This display gives the user five options from which to choose. By
pointing the mouse at one of the light buttons, flags are set in the
computational program which set into motion the appropriate action.
STOP sets a flag which causes the computational program to stop at the
end of the current cycle. Before stopping, it will create a data file
and a core image of itself. CYCLE sets a flag which causes the current
iteration sequence to stop, and a new cycle to be started. PRINT

causes a data file to be constructed at the end of the current cycle.

DUMP causes th: program to create a file which is a core image of itself.

This file can be used as a starting place for continuing the program.

EXIT halts thie SPY PROGRAM without affecting the computational program.
These few capabilities provide all of the necessary interaction

for this kind of a problem, and because of the way in which they are

implemented, the computation procedure does not suffer from the problems

associated with interactive graphics.

C. DISPLAYING THE SOLUTION

Using the computer to produce graphical images of a solution has
become a well understood idea. Digital plotters, microfilm plotters,
and CRT displays have given the computer user an important tool to help
him solve his problems. Working with a visual representation of his
solution he can gain valuable insight into his problem.

The program for displaying the solutions has three basic functions.
The first is to read in the data from the disk files. Two files are
required for displaying solutions. Th~ first file which is needed is
the file containing the problem description. This is used in drawing

the curved boundaries for plotting solutions. The second file is the
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data from the computational program. It should be noted here that all
of the filenames are handled internally by the various programs. A
master file name is all that is required in order for any program to
get the required file from the disk.

The second function of the program is to compute the A matrix,
the BNDRY matrix, and the SI matrix. The A matrix and the BNDRY
matrix are matrices which are used in the countour plotting program.
This program plots contours inside of arbitrarily shaped boundaries.
The A matrix and the BNDRY matrix are useci in specifying the boundary
to the contour program.

The third function of the program is to produce displays of the
solution space. Control over this function is similar in nature to the
control of the input program, using the mouse and a computed GO TO
statement to govern the branching. The display of figure 35 is drawn
by the subroutine CNTRL1l. These light buttons indicate the available

functions for displaying the solutions to the problem. By pointing at

one of these light buttons with the

. ISOMETRIC PLOT |6
mouse, the appropriate type of

solution will be displayed on the 5

screen. Although the option for WE oy |

producing an isometric plot is
VELOCITY
VECTORS
shown, and a program for doing so

N

[

ta avalalbile, techuical considerations

made it impossible to include S1ce,

isometric plots of solutions in this

report. Figure 35

Computer Display of Output
Functions.
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]
Velocity Profiles ;
E 8 Velocity profiles can be drawn for any specified axial position.

- Initially the display shown in Figure 36 is drawn on the screen. 'i

- ——6/—

E § ﬁ_ﬂ\\\____

1 AXIAL POSITTON

1

- ‘.
. §

CLEAR

OVERLAY

B e Sy
e

NN eI OTTIE
1

RADIAL POSITION (M)

RETURN b

i Figure 36

Computer Display of Basic Plot ]
For Velocity Vector Display

i The horizontal ar«d vertical axes are the radial position in millimeters,
| and the axial velocity in centimeters per second, respectively. On the .
right side of the screen are three light buttons. CLEAR causes the t
i entire display to be erased, and the display of Figure 36 redrawn.
, OVERLAY allows more than one velocity profile to be displayed at the
g same time. RETURN returns control to the control portion of the main

{ program. At the top of the display is a scaled down drawing of the

i geometry of the problem. As each velocity profile is drawn on the
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display, a small arrow head indicates the axial position of that profile
by pointing to the appropriate position on the scaled drawing. The

display in figure 37 contains one velocity profile at the axial position

; -

===\

AXIAL PDSllllﬁ

CLEAR

OVERLAY

AMNNEO <O
L

RADIAL POSITION €M)
RETURN

Figure 37

Computer Display of a Typical
Velocity Profile

shown. All of the programs in this section were written to serve one
purpose. That is to give the user a quick look into the solution of
his problem. Because of this, they do not contain a lot of code
required to procuce "beautiful" pictures. For example, in the velocity
profiles as displayed above, no data smoothing has been attempted. The
plot shown merely connects existing data points. The display shown in

Figure 38 illustrates the ability to produce a series of velocity

profiles in the same display. This type of display is meaningful in
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that it shows the development of the flow as it proceeds down the length

of the tube.

A

XA posiTi

CLEAR

OVEF Y

HMAINEO <m0

RADIAL POSITION (NM)

RETURN

Figure 38

Computer Display of a Series
of Velocity Profiles

Contour Plots

The initial display of the contour plotting program is shown in
Figure 39. The user points the mouse at the light buttons on the
right side of the display in order to choose the variables which he
wants contoured. After doing this, he uses the mouse to outline the
region he is interested in seeing onthe figure to the left of the
light buttons. This allows him to "zoom in" on areas of particular
interest. As the region of interest is narrowed down, the number of
contour levels can be increased so that more detail is visible. Figures

40, 41, and 42 illustrate this effect on a contour plot of the stream

function.
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Figure 39
Initial Display for Contour Plotting

Figure 40

Computer Display of Stream Function
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Figure 41

Computer Display of Same Stream
Function under a Different Window

Figure 42

Computer Display of Same Stream Function
Under an Even Smaller Window, Illustrating the Zoom Eifect

71
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ot This zoom effect is done with a graphic technique known as
"windowing." Windowing is the pracess of defining a region of interest
and mapping it onto a particular area of the display screen. This

technique is illustrated in Figqure 43.

0,0 ] i

VIEWPORT

Figure 43

Mapping Function Performed by Windowing

If WCX and WCY are the coordinates in the coordinate system of the
problem, of the center of the window, and WS is the measure from the

center to one side, then the equations for the windowing transformation

.‘5 are

4 1023 X-WCX

1 Yo~ T2 Wt Tus ) (62)
f and
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where the viewport is the entire face of the display screen. Also
involved in producing this effnct is a process known as "clipping."
Clipping involves removing the lines outside of the region of interest
from the display. 1In Fiqure 43, all of the points in the coordinate
space undergo the transformations of equations (62) and (63). This
means that the display will try to produce lines outsi-de of its
1024 x 1024 addressable space. On the 1559, this produces only a maze
of tangled lines crisscrnssing the screen. The only way to display the
picture then is to remove those lines not actually within the specified
region of interest.

Figure 44 is a contour plot of the v-velocity component, and
Figure 45 is a plot of the n-velocity component. In Figure 46, we
have zoomed in slightly, and specified more contour levels, illustating
the capability of producing more detail when it is required. Figure

47 is a contour of the pressure field.

Figure 44

Contour Plot of V-Velocity
Component
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Figure 46

Contour Plot of U-Velocity Component N
With More Contour Levels Specified i




Figure 47

Contour Plot of Pressure

Velocity Vectors

Velocicy vectors are produced by means of the subroutine VVECT.
This program blanks out areas where the velocity is too small to produce
l :

i a vector, so that some areas in the display will in fact appear blank.

% ' Figures 48 and 49 are displays of velocity vectors.

Figure 48

Computer Display of Velocity Vectors




Figure 49

Same Display as Figure 48
With a Smaller Window

1 In fhe interactive graphics environment described in this chapter, the
computer user can sit down at a conveniently placed graphics terminal.
On the graphics display he can have his data presented in its natural
,; : forﬁ for both input and output. Decisions can be made at the display

allowing several separate trials at a single session. Yet, this has

been implemented with no appreciable load on the computer due to the

addition of the interactive graphics.
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CHAPTER SEVEN

RESULTS

TR T S

A, NUMERICAL RESULTS

T

Several attempts were made in computing the flow about a ball
type valve. The ABMAC technique as outlined in Chapter Four relies
upon the assumption that a free-slip boundary condition exists at the
arbitrarily shaped walls of the boundary and of the obstacle. As has

been pointed out, in ABMAC thes’. curved walls are treated as a free

y

surface. In these surface cells, the pressure is computed according

to the equation

. ' i
P, =P = {1 (vn+l) -V (r,t)] * n} (64)
J p b k,1

~

Here n is the unit normal defining the boundary segment associated

with cell (k,1), (v, (z,t))

segment, and V;+l is the ligquid velocity at the midpoint of the

>
4

segment. According to this equation, the pressure isnot adjusted

.1 is the velocity of the midpoint of the
1

proportional to the divergence of the cell, but rather proportional to
the flux across the boundary. This certainly represents a free-slip
boundary condition. There can be no flow across the boundary wall,
instead the fluid flow is forced to be tangential to the boundary.

The velocity vectors in Figure 50 illustrate this effect. Note
that there are velocity vectors right on the surface of the ball. As
a result of this, the velocity éirectly behind the ball does not drop

off as expected. However, a strange side ef{ect is shown in Figure 51.
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In this display, note how the velocities far downstream react. They:

actually approach zero at the center of the tube.

Figure 50

Computer Display of Velocity Vectors on
Ball with Free-Slip Boundary Condition

Figure 51

Computer Display of Downstream Anomoly
in Velocity Vectors with Free-Slip Boundary Condition
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In order to pursue a more realistic solution, the case where the
boundary is no-slip must be considered. By a no-slip boundary, we mean
one on which both the normal and tangential velocity components are
zero.

In the original MAC Technique, a no-slip boundary is specified

as follows:

OUTSIDE WALL FLUID
® =
Vj-l,j+1/2 Vi, j+1/2
Ui+l/2,j = —=——" j
Vi-1/2,j
Vi-1, j-1/2 Viyj-1/2
& —9-
! |
| |
| |
\ ]
i-1 i
Figure 52

Specification of MAC No-Slip Boundary

Ui1/2,5 = © (65)
Vic, 34172 T Vi,je1/2 (66)

Vie1,5-172 = Vi, §-1/2 (€79

This scheme assumes that the wall is coincident with some part of the

computing mesh. If, however, the wall is represented by an arbitrary
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segment cutting through the cell, it should still be possible to
specify the across-the-wall velocities such that a no-slip boundary
condition exists.

There appear to be two classes of boundary configurations that
need to be considered. The first, represented in Figure 53, contains
those instances where there is an ernty cell only on one side of the

cell containing the wall segment

WAL L FLUID
&

o
Vi, jei/2 Vitl, jel/2

EMPTYY '\ OBSTACLE g-=--- FLUD-~=j
ui-172,j \ CELL Vi-1/2, ]

| Vi, j-1/2

o Vitl,j-1/72

OBSTAQLE !
CELL

Figure 53

ABMAC Cell with Only One Empty Cell Bordering
the Cell Containing the Boundary Segment

In this class of cells, the velocities Vi,j+l/2' Vi,j-l/2’ and
Ui-l/2 i need to be computed such that a linear interpolation across
r

the boundary will yield zero velocity components on the wall. In

order to compute the required velocities, a linear interpolation is
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used in the direction most neariy normal to the boundary segment. In

Figure 54 the case under consideration is shown.

XU

- oVitl,j+1/2
Vi,j+1/2

@
Vi+l, j-1/2

Figure 54

Linear Interpolation of Boundary Values for the
Class of Cells Illustrated in Figure 53.

Since the midpoint of the segment is known, for U, .
i-1/2,3

- * ALl) / AL2,

Uisi/2,3 = "Wisis2,4

where ALl and AL2 are easily computed.

In order to compute Vi the point XL where the wall cuts

Ij_l/z’
the mesh must be known. Given PNORX and PNORY, the midpoint of the
segment, and DNORX and DNORY, the direction cosines of the segment,

the point XL is given by

XL = (Zj_ - PNORY) / TAN + PNORX,

1/2

TAN = DNORX / DNORY.
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Now with XL known, Vi,j-l/z can be computed as in equation (68).
When the wall crosses the mesh outside of the unknown velocity as in
the case of Vi,j+l/2' it should be noted that equation (68) still
produces a correct velocity for that point.

This system works for all orientations of the boundary, where
only one side of the boundary cell faces an empty cell. The equations
for determining XU, XL, ALl, and AL2 are a little different for each
case, but the general approach is the same.

The second class of problems are those in which an empty cell

faces the obstacle cell on two sides. This is shown in Figure 55.

EMPTY

t
Vi,j+l/2

FLUID EMPTY

oUi-1/2
OBSTACLE
CELL

=i

Figure 55

ABMAC Cell with Two Empty Cells Bordering the
Cell Containing the Boundary Segment

In this case, Vi,j+l/2 and U, will be computed using the

i+l/2,)

velocities directly across the cell. 1In order to do this, the lengths

XL, and YL must pe known, as shown in Figure 56.

!




Figure 56

Computation of XL and YL for Determining the Boundary
Values for the Class of Cells Illustrated in Figure 55

X1, the point where the boundary segment crosses the line =z = zi

is given as

Xl = (zj - PNORY) / TAN + PNORX, (71)

where PNORY, PNORX, and TAN have identical meanings as in equation (69).
With X1 known, the lengths XL and YL can be computed and the velocities
found using a linear interpolation formula.

Results using the no-slip boundary condition represent a far
better solution than those with the fr.~« slip condition. The velocity
profiles shown in Figures 57 and 58 are at positions upstream from the
ball. Those in Fiqures 59, 60, and 61 are at positions downstream from
the ball. These profiles represent a realistic simulation of the flow

about a ball type valve.
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Downstream Velocity Profiles
for No-Slip Boundary Conditions
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Figure 61

Downstream Velocity Profiles %
for No-Slip Boundary Conditions 3

Figure 62 and 63 are comparisons of these velocity profiles with 7
selected profiles produced experimentally by Wieting. The ghapes of
the profiles are very similar, but note that those produced numerically
show slightly faster velocities.

The differences can be attributed to several factors. First, the
numerical solution represented here is a steady state solution, i.e.
given some initial conditions and a set of boundary conditions, the
computer iterates on the given equations until the solution satisfies
the given conditions. The experimental solution on the other hand is
‘5. time dependent. The pulsatile motion of the fluid, the motion of the
i ! ball, and other time dependent factors will certainly make a difference.

The exact moment at which the profiles were measured could in itself
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produce different results. From a numerical standpoint, a more accurate
solution could certainly be obtained if a finer computational mesh were
used.

Figures 64, 65, 66, and 67 are contour piots of the stream-function,
V-velocity component, U-velocity component, and pressure. Figure 68
shows the velocity vectors for the solution. These figures represent a

[

realistic representation of the flow.

B. THE COMPUTER PROGRAM

In addition to producing numerical results, the goal of this research
was to produce a series of programs which used the computer to its best
advantage.

In order to make the ABMAC code more efficient foruse on the PDP-10
time sharing system, several changes were made in the program.

The first major change involved separating the initialization
portion of the program from the computational part. This is a significant
change for many reasons. During the initialization procedure, the
curved boundary segments are defined, fluid particles are created, and
the cell flags are marked. This involves a great deal of time, program
space, and temporary storage. By separating this code from the rest of
the program, the amount of core required to run in dropped from 96K to
48K. Under our time sharing system, this means a considerable increase
in efficiency.

During a long production run, the set-up time may be insignificant
when compared to the total run time. However, testing and debugging

pose an entirely different picture. Usually, interest lies only in the

SR e g g e el e A 8 e S B 2
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first one or two time cycles. 1In this frame of reference, the set up
time becomes a large part of the total run time. Therefore, by removing
that code from the rest of the program, the sut-up for a particular

test need only be done once. Each test can use the same stored values

of initial data. The overall scheme of the initialization procedure is

shown in Figure 69,

READ IN INITIAL
DATA

¥y

DEFINE CURVED BOUNDARY
SEGMENTS, CREATE FLUID
FARTICLES, MARK CELL
FLAGS, AND SET UP INITIAL
VALUES OF VARIABLES.

v

WRITE OUT INITIAL
DATA TO FILE.

Figure €2

Block Diagram of Initialization Prucedure
For Modified Version of ABMAC Code

The second change involved combining several pieces of code into
common subroutines. The major changes in this respect involved the
velocity computation code. The ABMAC technique requires a velocity

computation at two distinct vimes. As the pressure is re-computed for

each cell, the velocities are simultareously changed for that cell. In

addition, at the end of each pressure 1iteration, the entire field of
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velocities is re-computed. Although computationally the same, the codes
for these two distinct subroutines are different.

It was a simple matter, to comtine these subroutines, using a check
to determine which function to perform. Subroutine VELS55 for example is
called with three arguments. If one of these arguments is zero, it
indicates that the entire mesh is to be swept. If non zero, the arguments
indicate which cell the velocities are to be computed in. The code to
do this is as follows:

SUBROUTINE VEL55 (KM, K, L)
COMMON STATEMENTS

IF (KM, NE . 0) GO TO 10
DO 1L =2, LMZ

KMM = L KMAX

DO 1 k = 2, KMZ

KM = K + KMM - KMAX

KT KM + KMAX

KB = KM - KMAX

The third change involved the determination c. a system for setting
and checking cell flags. The original ABMAC code, written in LRLTRAN
for the CDC 7600, took advantage of several nice language features not

generally available. In particular, LRLTRAN contains a byte svecification

and a structure specification. In ABMAC, the cell glags SUR, FULL, EMP,

BND, and etc., were specified as 1 bit bytes. These flags were then

combined into one word using the structure specification, and that set
of flags was made into an array.
These 1 bit bytes could then be accessed by name. For example:
OB (KM) = 1,

FULL (KM + 1) = 0 .
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Treating these quantities as truth values made it easy to check

cell flags and make decisions based on their contents. For example:

TEST = FULL (KM). UN. (SUR (KM) . INT. (.NOT.COR(KM)))
IF (TEST) 20, 192,

In this illus:ration, are shown three other items peculiar only to

LRLTRAN. .UN. is a bit or, .INT. is a bit by bit AND, and the statement
IF (TEST) 20, 192

means go to statement 20 if test is true, and go to statement 192 if it
is false.

In order to simulate this scheme as efficiently as possible, a
table was devised which marked the cells as powers of two. The flags

are defined as

SUR = 4
FULL = 8
EMP = 16
BND = 32
IN = 64
ouT = 128
FRSLP = 256
NOSLP = 512
EMPBND = 1024
OB = 2048
COR = 4096
OK = 8192
GAS = 16384
ARB = 32768

A cell then can be marked as full by writing
FLAG (KM) = LFAG (KM) . OR. FULL,

while checking the cell to see if it is full can be done by writing
IF ((FLAG(KM), AND.FULL).EQ.FULL) ...

It can be seen that while it takes more source code to write the same
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thing, the code for the PDP-10 is just as efficient both space-wise and
time-wise.

The final major change was one dictated by the heavy load this
type of problem placed on the system. Since the problem is being run on
a time-shared system, it must compete in time with other jobs. The
scheduler on the PDP-10 is such that a long compute bound job is not
favored. In order to take advantage of all possible time available on
the machine, and yet not load the system, thz following scheme was used.

The PDP-10 allows background jobs to be initiated using a system
program called FIB. FIB queues up requests for background jobs, and
runs them whenever the machine load average drops below a specified
point. Jobs are run according to the requested run times, i.e., a job
requestinc two minutes of CPU time will run before one requesting four
minutes. If a process can be broken up into discreet segments, such
that each segment uses two minutes or less, the FIB program will use
all available machine time to run these segments without loading the
machine.

ABMAC runs through one time cycle in about 12 minutes. This
provides a convenient place to segment the process. Instead of writing
out a file at the end of each segment, and reading it in at the beginning
of the next, the program maps a complete core image of itself onto a
file called P.DMP. At the beginning of the next cycle the command
RUN P.DMP is sufficient to start the next cycle with all of the proper
data,

In the event that the machine crashes during this mapping operation,

two different verusions of P.DMP are written out, the program alternating

Stk A, o s U e gad oy
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between them. This insures that there is always one complete, good
version of P.DMP. on the system.

In order to keep the program running, the FIB request must generate
the next FIB request as well as the next program segment. Also, it
must be sure that it uses the corract version of P.DMP. The FIB request

necessary to do this is shown here. The machine responses are under-

lined.

‘(1) @ FIB

(2) @@ <SYSTEM> EXEC. SAV

(3) @@ CONSOLE-OUTPUT (TO FILE) NIL.DAT [NEW FILE]
(4) @@ RUNTIME (MAXIMUM IN MINUTES) 2 [CONFIRM]
(5) @@ COMMAND-TEXT (ENDING WITH % 7)

(6) * COPY O-REQUEST.INPUT (TO) REQUESTED-F-I-B. INPUT
(7) * RUN GETIT

(8) Hip

(9) [ iy

(10) *y

(11) * N

(12) *tz

(13) e

Line (1) calls up the FIB program. Line (2) tells FIB that it is
to run the system EXEC routine. Line (3) specifies that any console
output is to go to a file named NIL.DAT. Line (4) specifies a two
minute maximum run time. Line (5) asks for a list of commands and/or
text to be executed by the routine specified in line (2). Line (6)
copies from a file G-REQUEST.INPUT, the next FIB request. This is put
into the queue by writing it onto a file called SEQUESTED-F-I-B.INPUT.
Line (7) tells the system to run a program called GETIT. GETIT looks

at the version numbers of P.DMP, selects the proper one, and maps it

g el n e b S pr et Bl T e iU S L



99
onto core. Control is then passed to P.DMP. Lines (8), (9), (10),

and (11) contain text which is used by P.DMP. Line (12) terminates

the list, and line (13) returns to the EXEC.

|
i
|
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CHAPTER EIGHT

CONCLUSIONS

5‘ The numerical results of this stuly illustrate the applicability
of a unique numerical technique to an extremely important problem. The
development of a method for specifying a flexible, arbitrarily shaped,

no-slip boundary provides an important step in studying blood flow

R T vt Gy

d: characteristics. The technique developed in this report is based on

Gocatl i Lo

the Marker and Cell methodology produced at Los Alamos Scientific
Laboratory. This method, using marker particles, provided a powerful
method for defining free surfaces in a fluid flow study, as well as the §
ability to solve the problem in terms of the primitive variables of

a? velocity and pressure. The marker particle concept allowed the

1 definition of an arbitrarily shaped, flexible boundary in the flow ;
_g problem, as demonstrated in the ARMAC method developed at the Lawrence

ﬁ. Livermore Labs. Adding the no-slip boundary concept developed in this é

report to ABMAC provides a powerful tool for blood flow studies.

R o

1 It should be noted that in the steady-state, confined flow

solutions presented in this paper, the marker particles used originally i
in MAC have no significance, and in fact have been eliminated from the
computation altogether. Therefore, no figures containing marker particles
appear in the text. However, once the walls are allowed to flex, or the
ball is allowed to move, the particles again become important in ;

k. maintaining the definition of the walls.

In addition to the development and application of a new numerical

method, this report has illustrated the kinds of techniques necessary
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in order to include an interactive graphic capability in the solution.
Interactive computer graphics can play an important ;ole in the solutions
of large numerical problems, but the implementation of such a capability
must be done with care. Performed in the wrong manner, it can hinder
the solution process rather than help it. The techniques of program
segmentation and modularizatior along with core sharing provide an
efficient, powerful implementation of interactive graphics.

The next logical step in this research would be to add the imoving
boundary capability. Basically, this is simply a matter of re-introducing
the marker particles into the solution in order to keep track of the
moving boundaries. Some programming would also need to be included to

define the movement that would be desired in the walls. For example,

Pt

the ball would be moved as a function of the pressure field, the walls
could move according to a pulsatile waveform superimposed on the system.

The addition of this feature would allow a motion-picture type of
display, where the streamlines, velocities, etc. could be seen changing
as the valve went through an open-close cycle. With this kind of tool,
a capability would be available for studying many different heart
valve designs. With the information gained from that kiud of study, H
new heart valves can be designed and evaluated with the computer.

This technology will be extended into other blood flow studies,
such as capillary flow, the formation of atherosclerotic plaques, and
pulmonary functions.

Of particular interest to the study of plaque or lesion formation
in arteries is the allowance of apulsing, arterial wall and blood flow

into the overall investigation by this procedure. For example, the

j
3
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prime éause of some 800,000 heart attacks in the United States each

year is an infarction of a coronary artery. Such an obstruction of
the local circulation by an advanced plaque formation, thrombus or

embolus is involved in a many-branched amplification of our present

studies concerning arterial geometrics. It is realized that the inclusion

of moving (pulsing), frze boundaries and their computer graphics

g- simulations into the problem will allow tethering, tapering ani reflecticn

effects; conceptual requirements that would aid in advancing the hypotheses

of myocardial infarction mechanisms. Knowledge of such mechanisms may

not be attainable by any other analytical means except by such resulting

computer simmlations.
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APPENDIX I

GRAPHICAL INPUT PROGRAM

MAIN
MAIN1
INPUT
INFUT]
MESH
MESH1
MESH2
FIGURE
FIG1
FIG2
FIG3
FIG4
TTYIN
FLUID
FLU1
FLU2
CONVG
CONVG1
CONVG2
CNTRL
CNTRL1
CNTRL2
CHECK
OuTP
ARO
BOXES
BOX

Routine Name Function

Main program

Displays input selection
Controls input

Displays input functions
Controls mesh input
Accepts mesh input
Displays mesh input
Controls figure input
Displays input functions
Displays mesh

Accept figure input
Displays figure

Does teletype input
Controls fluid input
Accepts fluid input
Displays fluid input
Controls parameter input
Accepts parameter input
Displays parameter input
Controls parameter input
Accepts parameter input

Displays parameter input

Displays completed description

Outputs completed description

Draws arrow heads
Draws light buttons

Draws one box
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COMMON MESS(7)

COMMON KMAXsLMAX9sMUyRHOA»DR/DZ

CUMMON NP,BPX(50) 1BPY(50) s UNOT, VNOT)UINsVIN
COMMON DT,NEDIT»EPS2/BETANSTOP¢NPIT»NDUMP ¢+ NEXP
COMMON/MOUSE/ZINXs INY» INSWoSWSTAT
COMMON/ETC/ISMX1 9 ISMX2y NXSP s NYSP ¢ FNAME
INTEGER FNAME

ReEAL MU

CALL SETDIS

CALL MAIN1

CALL wMmOUSEL

INY=(INY+128)7128

GO TO (5r291)INY

JUMP TABLE FOR INPUT TYPE
1=TTY

2=DISK

3=-TERMINAL

NDEV1=S

CALL KEADIT

CaLL EXIT

NUEV1=21

TYPE 3

FORMAT (1H » *INPUT FILENAME:'¢$)
ACCEPT 4yFNAME
FORMAT (A5)
FNAMESFNAME+32

CALL LAFILE(21¢+FNAME)
CALL READIT

CALL EXIT

NDEVi=0

caLL INPUT

CaLL EXIT

END
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SUBROUTINE MAIN1

CALL BOXES(3)

CALL MOVETO(752,24)

CALL WRITE ('TERMINALC>Y)
CALL MOVETO(768,152)
CALL WRITE('DISKL>?')
CALL MOVETO(768,280)
CALL WRITE('TTYL>Y)

CALL MOVETO(728,350)
CALL WRITE('INPUT FROM:<>?')
CALL SEND

RETURN

END
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SUBROUTINE INPUT
COMMON/MOUSE/ZINX s INY e INSWy SWSTAT
CALL INPUTL

CaLL WMOUSE

INYS(INY+128) /7128

GO TU (2031405160 7¢8) INY

JUMP TABLE FOR INPUT MODULES

CALL CHECK
CALL WMOUSE
CALL OuTP
CALL EXIT
CALL MOD
GO TO 1
CALL CNTRL
60 TO 1
CALL CONVg
60 TO 1
CALL FLUID
GO TO 1
CALL FIGURE
G0 TO 1
CALL MESH
GO0 TO 1

END
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SUBROUTINE INPUTQ
CALL BOXES(T)
CALL MOVETO(768,24)

CALL WRITE('EX1I<>?)
CALL MOVETO(750,152)
CALL WRITE('MODIFYL>')
CaLL MOVETO(740,280)
CALL WRITE('*CONTROLL>')
CALL MOVETO(732,422)
CALL WRITE('CONVERGENCES> )
CALL MOVETO(748,390)
CALL wRITE('CKITEKIAL>Y)
CaLL MOVETU(760,536)
CALL WRITE('FLUID<>")
CALL MOVETO(746/+664)
CALL WRITE (*BOUNDARYL>*)
CALL MOVETU(768,792)
CALL WRITL('MESHLO ")
CALL SEND

RE TURIN

EinD
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SUSROUTINE MESH
COMMON/MOUSE/INX» INY s IiNSW¢ SWSTAT
D0 1 I=1,5

CALL MESH1(I)

CALL wMOUSE
INY=(INY+128) /128
IF(INY,GE,6) GO TO 3
CALL MESH1 (INY)

G0 TO 2

CONTINUE

RETURN

END
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SUBROUTINE MESH1(J)
COMMON MESS(7)
COMMON KMAX »LMAX»MU»RHOA)DRyDZ

COMMOM NP, uPX(50) yBPY(50) »UNOT, VNOT yUINsVIN
COMMUN DT )NEDIT/EPS2,)BETAINSTOP»NPIT»NDUMP » NEXP

COMMON/MOUSEZINXe INY » INSWe SWSTAT
COMMON/ETC/ISMXL0ISMX2)NXSP e NYSP
GO TO (496180113015)J

TyWPE 5

FORMAT(1H »'DR='9%)

ACCEFT 3»2DK

FORMAT(AL)

FORMAT (F)

50 TO 18

TYPE 7

FORMAT(1H »'DZ='3)

ACCEPT 3,p2

6o TO 18

TYPE 9

FORMAT(1H »*RECT OR CYL COURD?'»%)
ACCEPT 2/,n5YS
IF(NSYS.Eq,'C)NEXP=1

60 TO 18

TYPE 1y

FORMAT (1H »*NO, OF CELLS IN R=1',%)
ACCEPT 12,KMAX

G0 TO 18

TYPE 16

FORMAT (1H »*NO, OF CELLS IN Z2=',$%)
ACCEPT 12,LMAX

NYSP=800/ (LMAX=2)
NXSP=iNYSPxDR/DZ

FORMAT (1)

CALL MESH2

RETURN

END




113
SUBROUTINE MESH2
COMMON MESS(7)
COMMON KMAX,LMAX¢MU,RHOAsDRsDZ
COMMON NP ,BPX(50) +BPY(50) »UNOT,VNOT»LiNs VIN
COMMON DT,NEDIT,EPS2/BETA»NSTOPNPIT,NDUMP/NEXP
COMMON/MOUSE/ZINX» INY» INSWo SWSTAT
COMMON/ETC/ISMX1s 1SMX2,NXSP» NYSP
CALL BOXES(6)
CALL MOVETO(744,24)
CALL WRITE('DR=a.8444<>'DR)
CALL MOVETO(744,152)
CALL WRITE('DZ=a.8888<>',02)
CALL MOVETO(746,280)
1IF (NEXP.EQ.0)CALL WRITE(*RECT COORDL>?)
IF (NEXP.EW.1)CALL WRITE(*CYL COORD<S>')
CALL MOVETOQ(722,422)
CALL WRITE('NO, UF CELLS<>')
CALL MOVETO(734,390)
CALL WRITE('IN RZaAA<> ' 1KMAX)
CaLL MOVETO0(722,550)
CALL WRITE('NO, OF CELLS<>?')
CALL MOVETO(734,518)
CALL WRITE('IN Z =a8A<> ' LMAX)
CALL MOVETO(768,664)
CALL WRITE('RETURNC')
CaLL SEND
Re TURN
END
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SULROUTINE FIGURE

COMMON MESS(7)

COMMON KMAX,LMAX MUy RHOA»DRI DL
COMMON NP, BPX(50) ¢BPY(50) yUNOT,VNOTUI N VIN
COMMOIN DT,NEDIT)EPS2yBETA»NSTOPNPI T NUUMP»NEXP
COMMON/MOUSE/ZINXe INYr INSWe SWSTAT
COMMONZETC/ZISMX1r ISMX2,NXSPNYSP
CALL F1G1

CaALL wMOUsE

INT=(INY+128) /7128

GO TO (1:2¢7)INY

RETURN

TYPE 3

FORMAT(1H »*INFLOW VELOCITIES:')
TYPE 4 :
FORMAT (1H » *V=IN=',%)

ACCEPT 5ypvIN

FORMAT (F)

TYPE o

FORMAT (1H ,tU=IN=',%)

ACCEPT 5».UlIN

Go TO 10

CaLL Flo2

CaLL FIG3

6L TO 10

RETURN

END

Er
;
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SUBROUTINE FIG1

CALL
CALL
CaLL
CALL
CaLL
CALL
CalL
CaLL

BOXES(3)
MOVETO(768,24)
WRITE(*RETURNS> *)
MOVETO(740,152)

WRITE (*INFLOWS>Y)
MOVETO(732,280)

WRITE ( *BOUNDARIESC>*)
SEND

RETURN

END
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SUBROUTINE Fle2

COMMON MESS(7)

COMMON KMAX)LMAXsMUyRHOA)DReDZ
COMMON NP,BPX(50) »BPY (50) s UNOT, VNOTyUINs»VIN
COMMON DT,NEDITsEPS2,BETArNSTOPINPIT ) NOUMP » NEXP
LOMMON/MOUSE/INXrINYrINSWvSWSTAT
COMMON/ETC/ISMX1s» ISMX2,NXSPsNYSP
KMAXZ=KMAX=2

LMAXZ=LMAX-2

MAXY=LMAXZ®NYSP+1248
MAXXZKMAXZXNXSP+128

DO 10 [z1,KMAX=1

NXLIME=124+ (I=1)*NXSP

CALL MOVETO(NXLINE,128)

CALL VECTO(NXLINE,MAXY)

00 20 U=1,LMAX=1

NYLINE=128+ (J=1)*NYSP

CALL MOVETO(128/,)NYLINE)

CALL VECTO(MAXX,»NYLINE)

CALL SEND

CALL ARO(6H4,192,'U")

CALL VEC(C»=~128)

CALL VEC(128+0)

CALL ARO(20D7,49,'L")

CALL MOVETO(150+60)

CALL WRITE(?RE>?)

CALL MOVETO0(10,200)

CALL WRITE('Z4<>")

CALL MOVETU(256952)

116

CALL WRITE(’MESH IS aAaa BY AAA CELLS()':KMAX LMAX)

CALL MOVETO(325925)

CALL WRITE('DR=,444Ar UZ=.08848<>" yDRDL)
CALL APND

CALL ARO(128+128,'U1)

RETURN

END
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SUBROUTINE FIG63 s

COMMON MESS(7)

COMMON KMAX»LMAX»MU,RHOA,DRDZ

COMMON NP,BPX(50) »BPY(50) »UNOT,VNOT,UIN,VIN

COMMON DT,NEDIT,EPS2+BETANSTOP»NPIT»NDUMP » NEXP
COMMON/MOUSE/ZINX s INY » INSWy SWSTAT
COMMON/ETC/ISMX1 s ISMX2,NXSP»NYSP

LOGICAL IMF

LOGICAL TERM

TERM= . TRUE

TYPE 101

FORMAT(1H »*TTY OR MOUSE INPUT?'»$)

ACCEPT 102, IDEV

FORMAT (A1)

IF(IDEV-NE.'M')TERMzoFALSEo

IMF=.TRUE,

SMX= (KMAX=~2) *DR

SMY=(LMAX=2)*DZ

SX=DR/NXSP

SY=DZ/NYSP

MM=1

IF (TERM) CALL WMOQUSE

IF (.NOT.TERM)CALL TTYIN

BPX(MM) = ( INX=128) %SX

BPY (MM) = ( INY=128) #SY §
IF (BPX(MM) LT .DR)BPX(MM)=0,

IF (BPY (MM) ,LT.DZ)BPY(MM)=0,

IF (BPX(MM) «GT ¢ SMX) BPX (MM) ZSMX

IF (BFX(MM) (LT DR<AND.BPY (MM} {LT.DZ)G0 TO &

IF (BPY(MM) .LT.DR)GO TO 2

IF (BPY (MM) «GT«SMY)GO TO 3

IF (IMF)GO TO &4

CALL ARO(INXesINYs'LY)

60 T0 5 :
CALL ARO(INXsINYs'U?) ‘ :
60 TO|S -
CALL ARO(INXs»INY»'D?)

IMF=,FALSE.

TSMX1EMM
G0 TO 5

CALL ARO(INXsINYs'R?)
MM=MM+1

GO TO 1

ISMX2=MM

CALL FIGY

KETURN

END
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SUBROUTINE FI1G4

COMMON MESS(7)
COMMOIl KMAX)LMAX»MU»RHUA)DR»D2Z
COMMON NP,uPX(50) s BPY(50) ¢UNOT,VNOT ,UIiNe VIN
COMMON DT,NEDIT,EPS2¢BETA¢NSTOP»NPIT)NDUMP » NEXP
COMMOI/MOUSEZINX» INY » INSWe SWSTAT

: COMMON/ETC/ISMX1» ISMX2,NXSPyNYSP

; CALL MOVETO(128,128)

' DO 1 I=1,ISMX2

IA=(BPX(I)%NXSP)/DR+128

1Y=(BPY(I)%*NYSP)/02+128

; 1 CALL VECTO(IX,IY)
q CALL MOVETU(732,350)
; CALL WRITE('RETURNKS ')
3 CALL SEND
2 RETURN
- END
|
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SUBROUTINE TTYIN

COMMON MESS(7)

COMMON KMAX,LMAX»MU,RHOA»DR»DZ

COMMON NP,BPX(50) »BPY(50) ¢ UNOT, VNOT,UINs VIN
COMMON DT ,NEDIT,EPS2,BETA/NSTOP»NPIT»NDUMP»NEXP
COMMUN/MOUSE/ZINX» TNY» INSW SWSTAT
COMMON/ZETC/ISMX1 »r ISMX2; NXSPeNYSP

TYFE 1

FORMAT(1H ,'%x?)

ACCEPT 2yaAINX»AINY

FORMAT (2F)

INX=128+ (AINX%NXSP) /DR

INY=128+ (AINY%NYSP) /D2

RE TURN

END
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SUBROUTINE FLUID
COMMON/MOUSE/ INX s IiNY » INSWr SWSTAT
Do 1 Iz1r5

CaLL FLU1(1)

CALL wMOUSE

Invyz(INY+128) 7128

iF (INY,GE,6)RETURN

CALL FLUL(INY)

60 TO 2

ENU
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SUBROUTINE FLUL(J) 121
COMMON MESS(7)
COMMON KMAX o LMAX»MU, RHOA»OR D2
COMMON NP, 5PX(50) »BPY(50) » UNOT,VNOT »UIN, VIN
COMMON UT,NEDIT,EPS2,BETA+NSTOP»NPITsNDUMP ¢ NEXP |
COMMON/MOUSE/ZINX» INY» INSWr SWSTAT
COMMON/ZETC/ISMX1y ISMX2,NXSP»NYSP
REAL MU
G0 TO (1v4+6¢9,11%)J
TYPE 2
FORMAT (1H » *INITIAL U VELOCITYZ',$)
ACCEPT 3»UNOT
FORMAT (F)
60 TO 15
TYPE 5
FORMAT(1H » *INITIAL V VELOCITY=',$)
ACCEPT 3»yNOT
G0 TO 15
TYPE 7
FORMAT(1H » *PARTICLE DENSITY=',%)
ACCEPT 8NP
8 FORMAT (1)
G0 TO 15
b 9 TYPE 10
b 10 FORMAT(1H » "RHOA=', %)
- ACCEPT 3,RHOA ,
G0 TO 15 |
11 TYPE 12
12 FORMAT(L1H » *MUS? %)
ACCEPT 3.MU
E GO TO 15
3 15 CALL FLU2
RETURN
EiNb
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SUBROUTINE FLU2
COMMOIN MESS(7)
COMMON KMAX)LMAX» MUy RHOA»DRDZ

COMMON NP, BPX(50) s bPY (50) s UNOT ) VNOTyULiNy VIN
COMMON DT,NEDIT/EPS2)BETA/NSTOP¢NPIT,NDUMP ¢ NEXP
COMMON/MOUSE/ZINXs INY» INSWo SWSTAT
COMMON/ETC/ISMX1 s ISMX2)NXSPyNYSP

REAL My

CALL GOXES(6)

CALL MOVETO(732,24)

CALL wRITE('UzAAA.60A<> " )UNOT)
CALL MOVETO(740,152)

CALL WRITE('VZAaAA.AAASD ' VNOT)
CALL MOVETO(704,279)

CALL WRITE('PARTICLE DENSITY<>?')

CALL MOVETO(770,258)
CALL WRITE('=aA<>'yNP)
CALL MOVETO(732,410)

CALL WRITE('RHOA=A,ABLA8AAD> ' 1 RHOA)

CALL MOVETO(732,536)

CALL wRITE('MU=A.AAAAMAAALD? ' MU)
CALL MOVETO(732/664)

CALL WRITE('RETURNK> ')

CALL SEND

RETURN

END
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SUBROUTINE CONVG
COMMON/MOUSE/INX» INY > INSWe SWSTAT
00 1 I=1,3

CaLL CONVui(I)

CALL WMOUSE

INY=(INY+128)7128

IF (INY,GE,4)RETURN

CaLL CONVGL(INY)

GO TO 2

END
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SUURVUTINE CONVGL(J)

COMMON MESS(7)

COMMON KMAXLMAX,MUpRHOA»DIR#DZ

COMMON MNP, BPX(50) y8PY(50) »UNOT,VNOT)yULiiNp VIN
COMMON DT ,NEDT T EPS2)BETA»NSTOP»NPIT»MODUMP, NEXP
COMMON/MOUSE/ZINX» INY» INSWrSWSTAT
COMMON/ZETC/ISMX1r ISMX2,NXSP/NYSP

GO TO (1r4eb)d

TYPE 2

FORMAT(LIH »'DT=*,9%)

ACCEPT 3,0T

FORMAT (F)

GO TO &

TYPE b

FORMAT (1H » *CONVERGENCE EPS='s35)

ACCEPRPT 3,LPS2

GO TO 8

TYPE 7

FORMAT(1H »'RELAXATION FACTOR=',%)

ACCEPT 3,3LETA

CALL CONvg2

RETURN

EnD
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SUBROUTINE CONVG2

COMMON MESS(7)

COMMOIN KMAX ¢ LMAX MU, RHOA»DR¢DZ

COMMUN NP, uPX(5G) +BPY(50) s UNOT, VNOT»UINs VIN
COMMUN DT,NEDIT,EPS2¢BETANSTORP»NPIT,HOUMP » NEXP
COMMON,/MOUSE/INX ¢ INY» INSWoSWSTAT
COMMON/ETC/ISMX1» ISMX2,NXSP o NYSP

CALL BOXES(4)

CALL MOVETO(742,24)

CALL WRITE('DT=a.88A84<>'DT)

CALL MOVETU(742,152)

CALL WRITE('EPS2=a,84808448<>1EPS2)

CALL MOVETO(752,280)

CALL WRITE('BETA=A.888<>'+BETA)

CALL MOVETO(760.,408)

CALL WRITE('RETURNK>')

CALL SEND

RETURN

END



SUBROUT INE CNTRL 128
COMMON,/MOUSE /INX» INY p INSW» SWSTAT
DO 1 I=1+6

4 CALL CNTRL1(I)

4 ; CALL WMOUSE

INY=(INY+128) /128
IFCINY,.GE,7)RETURN

CALL CNTRL1(INY)

60 TO 2

RE TURN

END

N




SUBROUTINE CNTRL1(J)

COMMON MESS(7)

COMMON KMAX,LMAX»MUyRHOA:DR,DZ

COMMON NP,BPX(50) BPY(50) yUNOT, VNOT»UIN,VIN
COMMON DT,NEDIT,EPS2,)BETAYNSTOPNPIT¢NDUMP» NEXP
COMMON/MOUSE/ZINX» INY» INSWr» SWSTAT
COMMON/ETC/ZISMX1r ISMX2,NXSP¢NYSP» FNAME
INTEGER FNAME

GO TO (1+496¢8¢10,13)J

TYPE 2

FORMAT(1H »*NO, OF CYCLES BETWEEN DUMPS=',3%)
ACCEPT 3»NUUMP

GO TO 16

FORMAT (1)

TYPE 5

FORMAT (1H »*'NO, OF PRESSURE ITERATIOMS='»%)
ACCEPT 3.NPIT

00 TO 106

TYPE 7

FORMAT(1H »*'STOP AT CYCLE='")S%)

ACCEPT 3,nSTOP

GO TO 16

TYPE 9

FORMAT(1H »*NO, OF CYCLES BETWEEN EDITS=',%)
ACCEPT 3.NEDIT

GO TO 16

TYPE 11

FORMAT (1H »*OQUTPUT FILENAME:'»3%)

ACCEPT 12,FNAME

FORMAT (AD)

GO TO 16

TYPE 14

FORMAT(1H »*DESCRIPTION:', %)

ACCEPT 15, (MESS(I),1=1,7)

FORMAT (7A5)

CALL CNTRL2

RETURN

END




SUBROUTINE CNTRL2

COMMON MESS(7)

COMMON KMAKyLMAX»MU,RHOA»DR D2

COMMON NP, gPX(53) »8PY(50) s UNOT, VNOT»UINs VIN
COMMUN DT,NEDITIEPS2)BETA»NSTOP»NPIT»NDUMP » NEXP
COMMON/MOUSE/ZINX» INY » INSWy SWSTAT
COMMON/ZETC/ISMX1» ISMX2, NXSP o NYSP» FNAME
INTEGER FNAME !

CALL BOXES(7)

CALL MOVETO(752,24)

CaLL wRITE(*NDUMP=aA<>* » NDUMP)

CalLL MOVETO(752,152)

CALL WRITE('NPIT=aa<>',NPIT)

CALL MOVETO0(752,280) :

CALL WRITE('NSTOP=AAA<K> ' »NSTOP)

CALL MOVETU(752,408)

CALL WRITE!'NEUIT=aA<>*+NEDIT)

CALL MOVETO({752,530)

CALL WRITE(YFNAME=<>?")

CALL WRITES(FNAME)

CALL MOVETU(752,664)

CALL WRITE('DESCRIPTIONSD')

CALL MOVETO(760,792)

CALL WRITE(*RETURNKD?)

CALL SEND

RETURN

END
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SULROUTINE CHECK

1 COMMON MESS(7)

COMMON KMAX,LMAX,MU,RHOA»DR»DZ

COMMON NP, BPX(50) »8PY(50) »UNDT,VNOT»UIN,VIN

COMMON DT,NEDIT+EPS2,BETAYNSTOP/NPIT,NDUMP»NEXP

4 COMMON/MOUSEZINX» INY» INSW» SWSTAT

g' COMMON/ZETC/ISMX1» ISMX2, NXSP»NYSP

4 Iv1=512-BPX (1) *NXSP/DR

- CakL MOVETO(150,1IY1)

: DO 1 J=2,I5MX1~-1
IXx=1504+BPY(J)%NYSP/DZ
Iv=512=BPX(J)*NXSP/DR

1 CALL ZIPTu(IXeIY)
IY1=512+BPX (1) *NXSP/DR .
CALL MOVETO(150,1Y1) ;
VO 2 J=2»[SMX1~1 ;
IA=1504+BPY (J)%NYSP/DZ
Ivy=512+BPX () %*NXSP/DR

2 CALL ZIPTO(IXy»1Y)
ISM=ISMX1+1
IA1=15048BPY (ISM)xNYSP/D2Z
CALL MOVETO(IX1,512)
DO 3 JzISM+1»ISMX2=1
1X=1504BPY (J)*NYSP/D2Z
Iv=5124+BPX(J)®*NXSP/DR

3 CALL ZIPTO(IXy»IY)
CALL MOVETO(IX1,512)
DO 4 J=ISM+1»ISMX2=]
IX=150+8PY (J) xNYSP/D2Z
Iv=512=-BPX(J)*NYSP/DR

4 CALL ZIPTO(IXe1Y)
Ivt=512=8PX (1) *NXSP/DR
IyT=512+8PX (1) %*NXSP/D2
CALL SEND
CALL ARO(140,1IYToru")
CALL VECTO(140,525)
CALL ARO(140,1IYBs'DY)
CaLL VECTO(140,499)
CALL MOVETO(52,504)
CM=BPX(1)x2,
CALL WRITE('aa.08 CMLO>Y»CM)
CALL ARO(150,1YB,'D")
CALL VECT0(150,512)
LNG=512-1Yy8 :
IXT=150+LNG ;
CALL ARO(IXTe512/,'L") E
CakL VECTL(150,512)
CALL MOVETU(160,1YB+5)
CALL WRITE('R>Y)
CaLL MOVETO(IXT+12,504)
CALL WRITE('4<>")
ISM1=ISMX1-1 ,
1yB=512=-8PX(I5SM1) xNXSP/DR %
IVYT=512+BPX (ISM1)*NXSP/DR 1
CaLL ARO(985,1IYT'U") :
CaLl VECTQ(985,532)
CaLL ARO(985,IYH DY)

TR S
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CALL VECTO(985,492)
CALL MOVETO0(955/,522)
CM=BPX(ISM1)*2,
CALL WRITE('8A.,8A<>",CM)
CALL MOVET0(973,503)
4 CALL WRITE('CM>Y)
; Ivi=IvyT+20
3 CaLL ARO(950,1Y1,'L")
; CALL VECTO(600,1Y1)
4 CALL ARO(150:,IY1,'R?)
; CALL VECTOQ(500,1Y1)
Cm=BPY (ISMX1)*2,
1viz=Ivi=8
CALL MOVETO(504,1IY1)
CALL WRITE(*AA.AL CMCO'eCM) 3
IX1=BP Y (IsM)%xNXSP/DZ+300 %
CALL MOVETO(IX1,517) ;
CALL VEC(=60/0)
] CALL VEC(0,10) . -
- CaLL VEC(=20,-15) . 1
i CALL VEC(20,=1%) E
CALL VEC(0,120) ]
CALL VEC(&Nn,0)
CALL MOVE (5,=3)
CALL WRITE('FLOWS> )
CALL MOVETO(348,124)
CALL WRITE('U=INZALAAAALD> ' »UIN)
CALL MOVETO(348,164)
CALL WRITE('V=INZAAAA0AD Y/ VIN)
CALL MOVETO(S515r124)
CALL WRITE('U=NOT=AALL,AA<D " »UNOT)
CALL MOVETO(L15,164)
CALL WRITE('V=NUT=2AaA8,A8<>*pVNOT)
CALL MOVETO(412,900)
DO 5 J=l»7
5 CALL wRITES(MESS(J))
CALL APND
RETURN
EnD
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SUBROUTINE OUTP
CUMMON MESS(7)
COMMON KMAX,LMAX¢MU,RHOA,DRDZ

COMMON NP,BPX(50) »BPY(50) » UNOT,VNOT)UIN»VIN
COMMON DT,NEDIT)EPS2+BETA»NSTOP»NPIT»NDUMP »NEXP

COMMON/MOUSE/ZINX» INY» INSW» SWSTAT

COMMON/ETC/ISMX1» ISMX2yNXSP» NYSP FNAME

DIMENSION IDT(2)

REAL MU

INTEGER FNAME

CALL OFILE(23¢,FNAME)

TYPE 1

FORMAT (1H ,'LINEFEED TO NEW PAGE.CR')
ACCEPT 2,pUMMY

FORMAT (Al)

CALL DATE(IDT)

TYPE 3

FORMAT (1H »T37'ABMAC?')
TYPE 4

FORMAT (1H »T359 '*UNIVERSITY OF UTAH')
TYPE 5,IDT(1)IDT(2)
FORMAT(1H »T35,A5/AH)

TYPE 6

FORMAT ( 1H=)

TYPE 7, (MESS(I)»I=1,7)
FORMAT (1H »7AD)
WRITE(23+7) (MESS(I)»I=197)
MOPT=0

TYPE 8yKMAX,LMAXsNEXP+MOPT
FORMAT(1H 41)
WRITE(239,8)KMAX,LMAXNEXP» MOPT
SMIN=,01

EPS1=.2

TYPE 9,SMIN,EPS1

FORMAT(1H »2F)
WRITE(23,9)SMIN,EPS1

6Z2=0,

GR=0,

TYPE 10,6Z2+GReMU»RHOA
FORMAT (1H ,4F)
WRITE(23+10)GZ»GRyMU»RHOA
TYPE 11+DR

FORMAT(1H «F)
WR1TE(23+11)DR

TYPE 114D2Z

WRITE(23,11)D2

KA=2

KB=KMAX~-1

LAa=2

Ls=LMAX=1

TYPE 12/NPsKAPKieLA,LB
FORMAT (1H »5I)
WRITE(23012)NPeKA'KB2LALDB
1ZERQO=0

ZEKO=0,

SMALL==0,00C1

ISM=ISMX1=1
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18

19

TYPE 13+2ER022ERO
WRITE(23913)EROPZERO

FORMAT (1H ,2F)

DO 14 u=1,ISMX2

TYPE 13,8PX(J)eBPY(J)
WRITE(23,13)BPX(J)BPY(J)

TYPE 15,12ERO

FORMAT(1H » 1)

WRITE (230 15)12ERO

KA=1

Kis=KMAX

LA=1

L=LMAX

KIN=0

KoUuT=0 .

TIPE 16oKarKBoLAPLBoUNQOT,,VNOT » KINpKOUT
FORMAT (1H ,uls2Fs21)
WRITE(23016)KAKBo LA LB UNOT » VNOT » KIN»KOUT
KA=2

Kg=BPX (1) 7UR+2

LA=]

Lp=1

KOUT=1

TYPE 16+KA'KBeLA»LBoUNOT,VNOT» KINKOUT
WRITE(23916)KA KB/LA/LB2UNOT» VNOT»KINyKOUT
KA=2 '

KB=KMAX=-1

LA=SLMAX

LBoLMAX

VVEL=VIN

UVELZUIN

KouT=0

KRIN=1

TYPE 160KArKBsLAYLBoUVEL ) VVEL » KIN)KOUT
WRITE(23+116)KAKBrLAPLBPUVEL VVEL)KINyKOUT
TYPE 15,1ZERO

WRITE(23+,15)1ZERO

NBP=2% (KMAX=2)

AXA= .05

YYA=DZ* (LMAX=2)+.05

OuR=DR/2

voe=n,

TYPE 17/NgPXXA2YYA)DDRIDDZ

FORMAT (AH 104F)

WRITE(23,17)NBP» XXA»YYA*DDOReDDZ

TYPE 9,8PX(1)2SMALL
WRITE(23+,9)BPX (1) SMALL

DO 18 1=2,I5MX1=2

TYPE 9,8PX(I)8PY(I])
WRITE(23,9)8PX(1).BPY(1)

ITwOo=2

TYPE 19/,BPX(ISM) +3PY(ISMY»ITWO

FORMAT (1H »2F» )
WRITE(23,19)8PX(ISM)»BPY(ISM)»ITWO
I0NE=1

ISM2=1IsMX1+2

ISM=ISMX2-1
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133 H
BPX(ISM2)=SMALL
00 20 I=ISM2¢ISMX2=2
TYPE 9,8PX(I)BPY(I)
20 WRITE(23¢9)BPX(I) B8PY{1)
TYPE 19,8PX(ISM)BPY(ISM)» IONE
WRITE(23,19)BPX(ISM)»B8PY(ISM) ¢ IONE
ICRT=1
CRTRA=3,2
CRTRB=6.
CRTZA=16.
CRYZp=,2885
AMAX=,288% {
YMAX=,.9
TYPE 21, ICRT/CRTRAYCRTRB)CRTZA)CRTZB e XMAX) YMAX
21 FORMAT(1H »X¢6F)
WRITE(23+21)ICRT/CRTRA,CRTRBrCRTZA+CRTLB» XMAX» YMAX
TYPE 11,07
WRITE(23,11)DT
TYPE 15,NEDIT
WRITE(23,15)NEDIT
TYPE 11/,EPS1
WRITE(23/,11)EPS1
TYPE 11,EpPS2
WRITE(23,11)EPS2
TYPE 11/,BETA
WRITE(23,11)BETA !
NGEN=*N? !
TYPE 22,NGEN
22 FORMAT (1H »AY)
WRITE(23/+22)NGEN
TYPE 11,SMIN |
WRITE(23911)SMIN
TYPE 15¢NSTOP
WRITE(23,15)NSTOP
TYPE 1S5,NPIT
WRITE (23, 15)NPIT
TYPE 15/)NDUMP
WRITE(23/,15)NDUMP
END FILE 23
RETURN
END
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SUUROUTINE ARU(INXs INY,DIR)

INTEGER DIR

N1=5

N2=15
IF(DIREG, L)) INYSINY=15
IF(DIRLEQ,'D*')INYZINY+15
IF(DIR,EQ,'L'") INX=INX=15
IF(DIR,EQ,'R'") INXSINX+15
CALL MOVETO(INX,INY)
IF(DIREUW,"R' ¢ORWUIREW. U )N2==N2
IF(DIREW, U sORDIREWL'D')GO TO 1
CALL VEC(QeN1)

CALL VEC(N2y=N1)

CALL VEC(=N20s=N}1)

CALL VEC(0#N1)

CaLL APND

RETURN

CALL VEC(=N1+0)

CALL VEC(n1,=N2)

CALL VEC(N1,N2)

CALL VEC(=N1+0)

CaLL APND

RETURN

END




SUBROUTINE BOXES(N)
DO 1 I=1snN
JPOST(I%128)=128
CALL MOVETO(704,JP0S)
CALL BOX

RETURN

END
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SUBROUTINE BOXK
CALL VEC(0/,64)
CaLL VEC(192+0)
CalkLk VEC(0/,=64)
CALL VEC(=192y0)
RE TURN

END
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APPENDIX II

THE COMPUTATION INITIALIZATION PROGRAM H

Routine Name Function

MAIN Establish common areas

MACMAIN Control initialization, writes
out data file

GEN Marks cells and initializes

GENB Computes normals describing
boundary segments

REFLAG Readjusts cell flags in surface

EDIT Lists initial values for all
problem. variables
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COmitCic NVAC pMOE e UAC Y VAC, Tal o T2e (M3
COUMMUIY NCYCLE s nSTUP ) NELTMp NEDI T 9 OPE.
ComMunN l.lML'EDTlMIEDUT'NPI]
CumMuin yh |'A'E.P5.'£'UTDVMAXnU!'iAXOhELAKICU'
COmMUIY SN L EPSL e NBMAX ,UsTOr Vi 100 Ul » VBIHD
COMMUN U U RHUA» GR e G 0 b LSEC
CUMMOIN VINeULNoDKP o DLP,NBP,DDH,DUZ
CUMMON NE XF o NEXFP o NPART » WD [ V
COMMON NUKID e KMAX o LMAX ) KMAKZ o LMAXZ » KMARZZ o LMAXZZ
CURMMON KDNNy LUMN e KDMX » LOMX y MESS(T)
COMMON TCRT o AMAAY YMAX s CRTRAPCKRTRE »CRTZA »CRT Zis
CoOrlve UTLOT luc e LZoGAMA s PGAS e PGASL e PANB UASVY » GASYVZ
CumMMuti NEp G e NI T oo XGorH o IV e GGy FULOLE » (HTAL » CRAX S DELZ
COmMIOi BFAL30I) vPTX(320) o RAP(30D) pikill? (300) » X3 (300)
CumMuly BFY(300) s PTY(300) 0 ZMP(332) » P (300) » YB(300)
ComMul, US(300) » 18K (393)
COMMONM RE19D7) 0 2(250) s ies (15C) 0 Z3(152
COMMON URB (15C) 1 D2L(i50)
Cumi-Civ M(2500)
COMMON RP1 (5000) ¢ RP2(5000)
COMMUN UAVO(2508) » VAVG(2500)
COmMMGiy, PL2b20) e U(2500) o ETA(2533) 9 VI2500) 2 PSI2500)
CuMMGIN UNORX(2500) s DNOKY (2502) y PHURX(2500) o PHOKY (25019)
Coliv hPH1A(?bCC)-NPRTR(250“)-MHRTA(QSGG)oMPRTB(ZSPC)
CumMMUN SNC (2L00) o LRy L2
COMMUN NBC(300) »IFX(3J0)
COMMUE: MU Ve NUEVD
Com """H/FLAQ'.‘./FLAQL
Feal MU
T TE G A s O CNIRB p SUR yFul Lo eMPr i e 1M, QUT
fRSLPaLOSLPvLMPuNUoOBvCORvOKrbASvAhU
UnTA ihTHFOCN]HbrSURnFULL'EMppdevIdvUUTy
FﬂSLF'HOSLPphMPbNU'CBvCORvOK!GASvANB/i0204'8'160320
Ul 128925005120 10240 2048040940 819210 1658 32768/
UATA I‘-l\SKlOMASKa'MASK:)'MKSNLI0?-“\5".5'1"«1/\5'\6'
MASET e MASKO/UTITTTTI7TTISTe QT TITI773777
7?7727 76TTI7 00T ITTT7T77 77300777777 727767,
VITTTT2707TT Ty Q7 ITTITTIST 270072727 77677777
UUUBLE PRECISION UpVePSILETAP
Loz PRECISIOie UMAX e yMAX
F1=3,1415026
LHIEGER FLADY
FLAGL=)
CLLL wifCMALM
Enu
Subhwullrie MacMALn
COMMUIt NVAC ) INGZiIve UAC y VAC » Ti41 9 T2 Tiv3
CUMMCi1 MCYCLE s NSTUPyNEL T 1iEDT T2 OFE
COMMON TIME EDIIMeEDDT, NPT T
COMMUN BETAsEPSZeUT s VMAX s UMAX» RELAA LU |
COMMUIN SN Lo EPSLe HEMAA, USTO VBTO s Us iUy VBRI
COMMUN UMy MU EHUA P GR o GZr G ISFC
CoOMMON Vi ULiNg UKP»OLP, HBP, UK, DUz
ComMO NE.'APpNEKPPoNPAﬂl sNULV
CUMMON NOoRLU» SMAA P LMAX , KMAAZ ¢ LIMAKL ¢ KMAAZ Z s LMAAZLZ
CUMMUN KDMIN e LUMN s ARUMX ¢ LDMX , MESS (7))
CUMMO: LCR1T o AMAK» YMAX e CRTRAPCHIRL P CRTZAPCRTZU
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M apecianes

CuMMON
CoumMOK
CumMON
CUMMUN
CuMMON
CumMON
Commilii
CunmMON
ComMOn
CoMMU
CummMOii
CLmMOn
Ccomtun
CoumMmlig
COMMON
COMMON

139
ITLOT 10 L s CAMAPPGAS PGS PANBy 0ASV I LADVE
NE pING e W ITobe XGrHH o Hy 1 GGy FULLE ¢ rITAL» CRAA Y DELL
SEA(I00) s PTX(ICO) b RMP (30 ) 2 iKiP(300) » X5 (300)
BPY(300) yPIiY(3CO0) 2 ZMP(302) 2 LNP (300 » Y (300)
VS(300) I8P (30D
RELOD) 2 Z4150) 1 KB (L30) ¢ 2L, L50)
DRp (150 DL (190)
M{2500)
FPI(5000) »kP2(5090)
UAVL (2500) » VAV (2500)
PL2u00) s UL2O0N) LETA(250.0) » vI2508) o PSI(2000)
UNORX(250¢0) 9 DNORY (2500) » PHURX (2D50C) » PHORY (2500)
NFRTA(25G0) o NPRIE(2500) yMPRTA(2500) 1 MPRTB(2500)
SNC (2500)»LRYDZ
NuC (300) » IPX(300)
NUE VL NUEV2

COMMON/FLAG L/FLAGL

Renl. My

INTEGE s A e OR 9 CNTERB» dURp FULL » EMP p 3D 9 LN QUT
PRSI NOSLP » EMPUBNUD» Ob r COR» OK» GAS ¢ AR
Uit A ANTI s CNTRE» HURp FULL s EMP p sMD» Lol OUT

*

FROL s HOS P EMPLIIL I OB CORPOK P GAS AN/ e 204080 L6032

K LLr126,2%0051291020,2048,400698192, 156384,32708/
UATA MASKRL e MASAZ r MASK I » MASKY » MASKNS » MASKO

x  MuSK7aMASKRO/Z0TTYTTITTIITIST 0777777773777
x  U7T7T7767 777700 TTTTTITI2TTT 300V TTITTTT7TT67T
¥ QFTTITTII7TTTe0TTTI77TI8TTIT740777777267777/
DUUGLE PRECISION UsVePSTHETAP
DOUBLE PRLCISION UR UL, VEs vTrUUAR VBAR
UUUBLE PRECISIONM UTOP» VLEF T VREGHT
LUUBLE PRECISION TEMPL, TEMPRUgOT
VOUELE PRECISIUN UMAX, yMAX
Pl=3,1415926
b AL=Q
IYyPE 2
2 FORMAT (1F 2 ?NEw OGELERAIOR2t' %)
ACCEDT oL XE
FORMAT (D)
t} FORMAT(AY)
TR CHLAL JEW.N?) GU TC 7
Tyi’k O
H FORMaT(IH 2ot TPUT FROM P p D)
ShLCLET B LEVL
6 FORMAT(AD)
LR ANCEVLI LG, TTTYY) NREVIZD
TP (HLEVLaEW, Puont) NDEVIz=2}
LR (Huekvlet @, 20) 0V TO oyl
Ve 10 05
sYAN] TYPE 602
o(? FoRMAT(IH » PINPUT FILE ?e)
ACCEFT o603 9NME
ol3 FORMAT (A5
T = IME #3532
Chule TF1LL (230 NME)
pith Catl OEN

NLLTmZO
fLAMTzZ0




1e

11
1z

lo

17

1o

ly

140
fvoMi?T o}
U"i‘.:lo
Ly T 11
1YL Oy NCYCLE
FOREMAT (LN ,*BREADY AT CiCLE 1,13)
Tyl 9
FOKMAT (1F ¢ *CHARGE RUN TIME SYSTEMZ')
ALLERT 10, MYS
FURMAT (AL)
IF{HYSEU, 'NTY) GU TO 33
Mokvlzh
TYFE 12
FORMAL (1H o001 =4,5%)
ke ADCHUEVEY1.3) LT
T(PE 24
FORMALT(R)
1YPE 14
FOLMAT (Liv o '1iG, OF CYCLES GETWeElN EDIVHZ3$)
FEAD CNUEVLI P 1G)INEDLT
TYyre 24
FURMAT(I)
TYHE 16
FORMAT(IH » "BUUNDARY SENSTHG PARAMETERS?y %)
Real (NgEV1e13) EPSE
Tkt 24
TY¢ME 17
FORMuT (1H o *COUNVERGENCE EPLILONSY 9 b)
READ GHGENV L L) EPY2
1vyFE 24
TyE 1l
FORMATOLIH » "OVER-RELAXATIVN FACTURZ'»3)
FEAO(NLEVLIPL3) LETA
TiPE 24
TYHE 1o
FURMAT (1h p 'SACKWARDS LIFFERFHCINGZ )
REALD {wpEVLe20) NOEN
TYHE 24
I (NGENJEQL 'Y T) NGEN=S
LFE (MNGENJEue 'N') NGEN=4
FORMAYL (ALY
Fyle. 2]
FurMAT (1 »*FULL CELL EPSILOMNZ'3)
READ(NLEVL213) SMIN
1YPE ok
TYyPE 22
FORMAT (LH 2 *'STOP AT CYGLE=1¢%)
RUAD (NGEVL e 15) NOTUP
TYRE 24
CONTLNUE
FORMAT (111 )
TYyPE 25
FORMAT (IH ) "HRESSURE ITERATIONS=',%)
AL CNDEVLP1H) NPT
TYFE 24
TYPE 26
FORMAT(IH ¢ 'NU. OF CYCLES UETWEEM LUMPSzZY, )
KEAD (MUEV1e2H) NDUMP




T TR
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T(HVE 24
EMARZZKMAA=1
LitAXZESLMAA=1
KNviARLL=KMpuA="
LuareezlMpA=2
: N ITUTRAMA R MAX
4 i DIMAAZUR®:2kDL*%2/ (DR*«x2+D /%% 2)
a2 - UIMAR=Z B2y TMAX/ (MU+,030001 ) *RHOA
3 LoD (UTH+DTMAX) = H%ABS (DT=DTHMAX)
DIMAASDY
- HELAKS , 2%RHOA®DR*%2/0T
NGWH=2
TE V=, 2%
Tiuz2,0
Fv=.5
IF(G) 20028029
25 CLAXSHAHOA
LO TO 30
29 CHAXZoxZ (1.MAX)
Cran=l./CRAX
SN LLZO
TEANIA L JEwe'NY) GU TO 33
Lol ZuLT
Je CuinTINUE
f 39 CUnTINUE
. e ZHIE+2 !
i Cnb OF [LE (229 NME)
3 LRLTE(22)i6EN
A R WiRITE (22)NCYCLE»HSTOPR yNEDTMy NEDIT» OIE
4 W ETE(22)VIME pEDTIMy DT pIPIT
WRITE(22)BbETAYEPSZ,DT ) VMAX» UMAX ) RELAXCUT
4 _ WIRITE (22) SMINSEPSLy iN3MAX o UBTO» Vi3 TO» UBND » VEND
j WRITL (22)UMe MUPRHOA »GR 2629 G ISEC
. wRITL(22)VIN)UIN,DKPyuLPyNBP»WOR,LDZ
4 Wikl TL (22)NEXP o NEAPPy NPART yNDIV
3 WRITE(22)NGRID I KMAX e LMAX » KMAXZ 9 LMAXZ o KMAXLZ ) LIMAXLL

oA YEWIT I 2 R AT S}

3 j witd TE(22) nDMNp LOMN g KDMX » LOMY » MESS
1 . WRITE(22) JCRT e XMAXN) YMAXK CRTXAPCRIRb 1 CRTZA P CRTZE
- WwHITE(22 3L TEST 10 T2 GAMAIPGASIPOASZPAMB Y GASVIOLASY Y
e VRITE(22)NFoNGINIToHo WGy Hrto HV GGy FUDGE o iNTAL» CRAKY DELL
i whITe 1 22)Re 2R 2B
3 . WL TE L 22)URB 0LD
3 WJRITE (22)M
- wRITE(R22)F )UsETAPVIPSI
Wl TTE(22)ONGRX s DMORY » PMORX » PNORY
WicITE(R2)uk oL
- (SR P] f'lLE 22 }
Re T
& Eisb




d from 4]55?
%gg{ o::acifable copY.

SUBFUGUTINE GEN
ComMC i MVYAC Y NGEN)UAC) VAC,, TMl» T2, TM3
ComMON MCYCLE s NOSTOUP,NEDTMe HEDIT » OPE
CuMMOCo TlmbEOTIMyEDDT,NPIT
CoMMUI LETAPEPS2o DT » VMAX ) UuAXp RELAX, CUT
COMMON SMENPEPSL e NBMAX,UBTOrVuTO» UBaD, VBRND
COMMUN UM, s hitCA Y GR2 GZr G 1SEC
COMMO G VINosUIN)DKP»DLP,NBP,DDR,DUZ
CumMON NEXP  vEXPPy NPAKT NIV
COMMOMN NG » rMAX 9  LMAX ) KMAXZ p LMAXKZ s KMAXZZ » LMAXZZ
ComMGIi KU i o LUMNY RDMX 0 LDMA pMESS( 7)
COMMUIN TCRT 9 AMAAY YMAX»CRTRAPCKTRU P LRTZA,CRTZB
COMMUIG TTEST»10Z0 129 GAMA,PGASYPGASZ PAMB ) GASV ) GASYVZ
CumMMOUN NF p NG e iNa T rrin XGoHH» 11V 1 GGy FUDUE » HTAL » CRAX,DELZ
COMMUIT LPAC300) v PTX(300) 1y RuiP(330) » RNP(30C) » XB(300)
COMMUIT BEY(3C0) 2 PTY(3D0) 1P (300) 9 <N (30¢) »YB(300)
CoMtiviv LSEI0D) » 1B (300)
COMMUW RE1DDI 0 Z(150) 1R (150) e 2E5(15C)
CUMMOI) UREB (150),U2B(150)
CUMMON M(2500)
COMMCI RP1(5000) +KP2(000G)
CuMMC UAvL (2500) » VAVG (2500)
L COMMO P(2500)pU(2500) ,ETA(2530) 9V I(2520),PST(2500)
: COMMUN GMYRX (2LU0) » DHURY (2530) » PNUKX (2506) » PNORY (2500)
i CutmmCMN NPRTA(250C) yNPRTB(2500) yMPRTA(2500) ¢ MPRTB(2560)
COMMCN SNC(2500)»LR,DZ
CorMCin NBC(300)» IFX(300)
CumMtn MUE v Lo NDEVR
COMMOII/FLAGL/FLAG)
koAl My
LWTEGER ALY ORPCNTRB SURPFULL s EMP D, IN, QUT,
¥ FRSLP» NOSLF y EMPRNL» O COR» OK e GAS)y ARB
LATA INTRFEPCNTRE» SURYFULL P EMPyND» IN, OUT,
¥ FROSLFonOSLE yEMPBNU» OB CORPOKPGASIARB/Z1120 4080 16032,
*  Lupleb, 2560512, 1024,2048,4096,8192/916384,327687
LATA MASKL rMASKZ2 e MAGK I ) MASKY s MASKS s MASKG )
*  MASK7 2 MASKB/ZOTTITTITTTITTISTWOTT77T7773777
*  OV77777677777Tv0777777771773500727777777767
*  CFTIT77773777Tv077777775T77 700777777767 777/7
LDOUBLE PRECISION UMAX» YMAX
beURLL PRECISIUN UpViPSTLETAWP
H123.,1415026
LOOICAL TEST
P1=23.1415926
TYPFE 1n0d
TyPE 1009
1002 FORMAT (IH » *HEAUING?)
READCNLEV L 1) (MESS(TI) o121 7)
FOEMAT (7AS)
FORMAT (B])
FURMAT (2F)
FOrMaT (4F)
TYPE 1002
IYFE LPNO
1002 FORMILT (LIH » *KMAK LMAX ) NEXP 14OP T )
READUHDEV Ly 2) KMAX s LMAX , NEAP » MOPT
TYPE Lnn3

£ G i




TYPE 1009
1003 FOKMAT(1H o *SMINSEPSLY)
KEAD (NUEVL» 3)SMIN EPS]
TYFE 1004
TYRPE 1009
FORMAT (1H o 'OGLrGRoMU»RHOAY)
READ I(NLEVL 2 4) GZr GRyMU» RHOA
U=SART (O xx2+0R%%2)
HEAPPZ{EXP+L
RMinXZZkMAX=1
LMAXZ=LMA A=
LMAXLZZLMAXR=2
HNeYCLe=0
TimME=O,
hLLVZ=0
CyT=,0e000n,
Up=ML
NORTUSKMA ARLMAX
FE 1005
GENERATE COORDINATESy AND CONSTAMTS

FORBMAE(LLY » "DRY)
e ADVHDEVL Y 5YUR
TYrE 1006

TYHE 1000

FORMAT (1h o YLZ")
ReEaD(NLEVLI S UL
FOlMAT (F)

Pa(l)= /73", DXkl
DO & hzZ1lrRMAANL
RB(K+1) =K (K) +0R
3 (1)=0,

L0 7 Lz1sLMANS
CHhil+1l) =43 (L) +0L
K{L)o = 0*kRuL(72)
(L) = Bk iu(2)

w0 8 Kz2yKMAX
BRI S(RBIR) +RB(K=3) ) %3,5
DO € Lz2vLMAKXK
2l +Z28(L~1) ) k3,5
LO 10 K=1,KMAXL
Upu (k) zRIK+1) =R(K)
LU 11 L=1,LMAXZ
ety =2+ 1) =2(L)
bu 12 K=1,NGRID
Pin)=0,

Uin)y =0,

Vin)=0,

Ei1nik) =0,
PSi(k)z0,
Uf\VG("\):D.

VAVG(K) =0,

M(k)=0
CHURK(IK)I=0
UHURY(K) =0,
PNORX(K)=0.
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PRORY (R) =0,
upho=0,
VD=,

vl 13 L2, LMe XL

Rz (L=1) 2K IAN

L0 13 KZ=2,mMnkl

BM=K b MM

MEM) S (MRM) s ORJEMIP)

Real 1iv A SET OF FOINTS SPECIFYING A CLOSED CURVE, LYING
I TriE REGION BOUMDEL oY KAeKueLArLEe TAKTICLES ERE
OEERATED AT DENSITY Np#x2 INSIDE THIS AEEA. ANY WUMBER
UF CLUSED wEGIONS ALLOWED.

=0
TWPE 1007
1YrE 1009
FOURMAT (1H o MNPy APKBrLAPLEY)

READ CHLEN 1o D) ME s KA KB LA LY

FURMAT (1)

IF(NF) 32,581016

TiHE 1n0s

FORMAT(1h , 'GP Xepb' YY)

TyrE 1009

FURMAT (1h )

BLAD(WDEVL e 27)PX (1) 1 BPY (1)

FORMAT ( 2F)

MM=2

KEADCHSEVI 1T BEX(MM) 1P Y (14M)

IFABFA(L) JEG uPAIMM) s AND UPY (1) JEWBPY(MM)) GO TV 21
MM=MM ¢ ]

6u TOU 18

MMAXZMMb =]

UKP=UR/NF

Db =Dd/MNE

Lu 26 L=tarlbs

Kl\'.ll‘n-—. { ‘--1 ) *I\MAX

vy 2L Kanm o Ko

Rk MM

KAZRE (K=1) =D, HRUKP

CAZZE (=Y )=0,5%JLF

LU0 28 LP=y1.nik

Le=ZNoLP*LLF

Ue 28 wRP=1 ) NP

KRZRA+UKPxRP

ANOLE=N,

Lu 2o u:lyll"nl‘-“\l\'

ALZBPA (W) =KR

ASEBFA(JY L) =ik

Y1=BPY(U)=£2

Y2zEFY(JtH1)=4L

CrOSSP=X14Y2=-X2xY}

FMAGZ (X1H%2+V1kke ) K (XOk k24 y2%%2)

FMAO=SURT(FMAG)

ALFHASASTINICRUSSP/FMAL)

UOTaAL*X24Y1%Y2
IF(DUl)28,25¢e2H
I (ALPHA) 23e24,24




i

29

24

2b

27

28

3b

WOCOOCG

1ry)

39

4n

ALGLEZANGLE =P T =ALFPHA 145

LO TO 2o
hlIGLESANGLE4PI=ALPHA
VL 10 20

AGLE=ZANGLE +ALPHA

CUMTINUL
IF (ADS (ANGLE)=0,0001)28,27,27
Nzivt ]

HPRTA (KM =NPRTA (KM) +1

M{RM)Y S (MIKIM) »UR,FULL)

MRM) = (M{KM) s AND . MASK L)

HrL(M)=RR

k2 (iN) =2l

CONTINGE

Nulvah

HiEnRY =)y

0O TV 14

CunTLINUE

InPUY CELL VECLOCITIES, KIN=0eKOUT=0 FOR INTERIOR CELLS.
ForR dHFLOwe SET KINzZ1e FOR OUTFLOW SET KOUT=1,.

Ty E Inin

TyFE 1000 )

FORMAT (1H 2 "NAsKUeLAPL 32 UVEL s VVEL o KILonOUIT )
ReAD(NLEV L 3S)KArKB LA LB UVEL,, VVEL)KINe KOUT

FURMAT (4T ,2F21) !
IF(KA) 38,3834

DO 37 L=Lnelo

AMMZ (L=1) xKMAX

w0 37 K=KA KB

Aviz K+ M

U(nhM)=UVEL

V(KM)=VVEL

IF(KINEW, Ny w0 Tu 35

UinN=UVEL

VINSVVEL

MKM)S (M({nM) s UR, (hWIM¥OH))

MRM)Z (M(KM) s ORs (KOUT%128))

CONTINUE

o IC 352

SFECIFY A LINE OF INPUT PARTICLES LYIHO JUST OQUTSIVE
INFUT BOUNLARY, NPz NUMBER OF PAKTICLLS, XXA AND
YYA ARE TihE COORDINATES OF THE FIRST POINT. Dulk And
Uus. GIVE THE SPACING,

TyPE 1011

NPRPE 100¢C

FURMAT (1H » *NBP e XXA» YYArDDRDDZY)
ReAU(NLUEVLe39)NDPe XXAr yYArDUR DL
FORMAT(Lo4F)

IF(MBP)YY3,43¢40

MM=NERL

MRARTSUPART +NoP {
VU 41 fM=NPARTeMM, =1 ‘
KEL(N)=RP1 (N=NsP) {
K2 (N)zRP2 (M=NBP) 3
REL(1)=XXA 3
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by
45

47
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by

EPp2e1y=yyYs

KRz (XXA+DR) /DRE ]
Lz{YYA+Dz ) /De+)
FMZKE(L=2) ¥IWMAA

hgl (L) =hkM

MPRTALRM)Y S RPN (K ) #1
wQ) b Rz, naP
ARNVIAKA+HLu
TYAZYYptbud

HKPL M)A

Kr2(ii)=YYa

Ko (AXA+DEH ) Z0i+ L

Lz (YYALZ ) 7024+
KEMZKE(L=3 ) kKMAX
NERTE(EM)Y 2NPR A (KR ) +1
Ny C () zhM

Dol VzuRART

CUNT LivUE

CaLl GENR

SLT o nopu aMND uCURL FLAUS.

CLuoiual TesT

Lu H7 Lz=2,LMAXZ

NTT =% MA X

LU 57 K=2yKMAXZ

RTZKHT4+K

AMZKT=KMA KX

Fog=KNMi=k MA X

ITFE Xz

TFCOHRM) JAND W 0VG) JEQLUIs) GV TO 44

GO TO 87

LF (ODMNURX (W) ) 45 492,47
TESTZ(PTH(ISLC) dEURBIKR) ) e ORLAPTX(L) o LU i3 (K) )
IF(ITFAEG. ) 1Lb|=.f‘ALgEo i

I COOMORM2)  ANDSOD) o EUe 0 ) o OR, (AMIKM+1) ANDSFULL) JCuoFULL)
eORLIEST) ¢O 10 49

MeRME L) Z G (KM+L) OR,COR)

GO Tu 49
TEOSTZIPTA(LSEC) EuweRBIK=1) ) e OKL (PTA(L) eEQRE(K=1))
IF‘IT")-.[’.U.”) Tt’.S]:oF"\.LSEO

LFCUUMIKM=1) s AND OB ) o Eue DL ) « OR, ( (M (KM=1) ANDoFULL) s EQ FULL)
Ol TST) w0 TU 49

MAM=1) (MM (KM=1) s OR,COR)

IFIUNORY (Kri)) HBUrS4,5¢

TESTZARTY (LSEC) bEWeZBIL) ) s ORG(PTY (L) slweds (L))
IF(ITFAEWQLN) TtST:.FAI-SE.

IFCOOM(KT ) e ANU oV ) oG OB ) URe ( (MUK 1) o AND G FULL ) JEQ.FILL)
U G TEST) WO Tu 54

MRT)Z(M(KT) e RLCOUR)

0 TO H4

TESTZ(PT Y (1SEC) bEG . ZB(L=1) ) o DKL (PTY (1) +EW,. £B (L))
IFLITEAGEWeD) TESI=,FALSE,
lf‘((”‘“Kb)QANL‘.UB)QEUQUB)OURO((M(KU)o.’\!'\lD.FULL).EQ.FULL)
WORGTEST) 00 "0 B4

MAM) = (M(Ko) s ORLCOR)

COorT LHWULE

IFLITEXNEw,2) WO 10 55

) i et 0T By B e M Lo el e o
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Lo TG 87
TESTE((M(KB) « ANUSCOR) ¢EQ4COR) ¢ OR4 ( IM(KT) 4 AND«COR) EQ,COR)
¢OURe ((M(K¥=1) s ANUJCOR) (EGsCOR) ;OR¢ ( (M{KM+1) s AU« CUK) JEQ4LUR)
LFCOOM(KM) s AND UB) ¢EQeUB) ¢ AND & ( «NOT L TEST)) GO TO 56
bu TL 57
Tirx20
w0 TO yi
Culh TINUE
TUKiv OFF nOBr FLAG IN CONVEX RIGHI ANGLE BOUNUARILS.

LUGICAL TA»TurTCHID

LO 59 L=2,LMAXZ

KTT=L*kMAX

YU 5 K=2, KMARLZ

K1zZKTT K

KAM=KT=KMA X

Ko=KM=KMA x

TASCCEMIKL) dANDSOL) (Ew,08) JAND, (IMIKM=1) s AlD 0B ) e EQeOB)
oAND (M(K1 ) e AND « COR) cNE-CUR) QANUQ ((MWM+L) QANUQLUR) .Ni'-.b\JH) )
T CIM(KB) ¢ANU L OB) JEu,03) AND, ( (M(KM+1) ,ANDLOB) 4EQ,0OB)
e AND o ( (M (EiM=2%) ¢ ANLI e COR) «NE (COR) e ANU o { (M(KT) ¢ AND&COK) o NE ¢ CUR) )
TCSCUMIKM+L) s AND . OB) o EC,0B) dAND o ( IMIK 1) s AND OB ) oG4 08)
ehlila C(M{nM=2) ¢ANUCOR) 4NE (COR) s ANU 4 ( {M(K3) s AND6CUR) s ¢ LUK )
T CCIMIKM=1) e ANDeOB) «£0,08) e AND o ( (MIKT) (ANDOB) o LG, O13)
o AL s ( (M{AM+1) ¢ ANDeCOR) «NE COR) e ANU ¢ ( (M{K) ¢ AND e COR) oiNE 4 LOR) )
1".51'—'( (M(P\M) cANUcOB) QE-UOOB) .AND. (Tl\.()R.TBQOR.TcooR.TD)
IF(TLST) G0 TU 58

Lu TC Ho

MirM)Z (M(RM) s ANL « MASKZ)

CONTANUE

TYFE 1012

1YPE 1009

FOEMAT(IH s *ICRTCRTRACRTREBYCRTZAPCRTLB» XMAX s YMAX ')
HREAD(NUEV1960) ICRTyCRTRAYCRTR3yCRTLA» CRTZ0 s XMAK» YMAX
Tyt 1013

TYHFE 1009

FORMAT (1H o YKOUMN KDMX » LOMN, LDMX Y )

READ (NDEV1/»61)KUMN, KDMX p LUMN LDMX

FUKMAT (LrefF )

FOKMAT (41)

1765T=0

PonS=POASZ

U/\&vV:C.

CALL REFLAL

DU &b L=2,LMAXZ

KL= (L=1)*KMAN+]

K=l *KMAX

IF CIMIKL) JANDGCOR) (Ew«COR)GU TO 03

M{KL) = (M(KL) « UR,BND)

I ((M(KR) ,AND+COR) .EG.COR) GO TO 65

MiKR)Z (M(KR) «ORLBIND)

CONTINUE

JO 69 (K=1,KMAX

NZKMLpAK 2K MA X

N ZTh4 (LMAXZ=1) khMAX

K=K I RMAN

IFCIMIK) « ANDW«COIR) eEQL,CUR) WO TU 07




AT ERIN) o DR, LiND)
IFC(MIRY) L AML o CUR) (FuesCOR) GO TO 69
M(RT) 2 (MIKT ) « OR L BIND))

ConTINGE

1oc=1

M al=C

fep TR

£
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SULROUT INE GENY

CUMMOI NVAC ) NGEM) UAC Y VAC» THL s TM2, TM3

COMMGN NCYCLE »NSTOPYNEUTMyNEDI T OPE

COMMON TIME yEOTIMEDUIT, NPT

ComMOM BETAIEPS20 LTy VMAX ) UMAX ) RELAA »CUT

CuMMON SMIN'EP51'NtherBTO'VBr0'UJND'VBND

CumMON UMy MUPKHUA Y GR9G 21 Gy ISEC

CuMMOIY VINe UINo UKP,y DL, MBP, LDR, DU Z

COMMON NEAP y NEXPPy {PART»NDIV

CuMMOWN NbHID'KMAX'LMAXpKMAXZoLMAXAoKMAXZZ'LMAXLZ
CHMMONM KDMNpLUMi'-IH\UMx'LDi‘/I)\"\1ESS(7)

COMMOrN ICKT:AMAA:YMAX:CRTRJ:CHTRU'CRTZA:CNTZB
CuMMON ITLOT 104014, GAMAYPGAS ) PGASLyIPAMB ) GASY, GASVZ
COoMMO( NF.NG'NIIrnoXb'HHpHV'GGpFUDGEvHTALvCRAK'DELZ
CoaMOr BPL(3N0) P A{302) o RMP(320) NP (S00) » XB(300)
CumMUN oF ( (330) ,P1 YE330) 9 2P (3GD) £ (300) e YB(300)
COmMC i DSHCAIPT) Lo (309)

CulMMUNT R(150) 1 2(150) rHLELD0) 9y 2u(150)

COMMOIN DRB (15D yuan (ad0)

COMMON M(2500)

COMMOn RP1(H000)»RIP2(5900)

CGmMur UAvu(25049) P VAVG (2599)

CoMmMOn P(QBD”)'U(EbCﬂ),CTA(?SGJ):V(&BOO)'PSI(ZbOO)
COMMON UNUNX(2500)rDNUhY(2b00)'PNORA(ZSOC)vPNOHY(ZSOO)
CuNMMuiy NPHTA(ESOQ)'NFRTB(QbOn)'MPRTA(Zbgﬁ)'MPRTB(ZSOO)
COMMON SKHC(2500) 1 LR, DE

COMMON NISC(30C) » IFX(352y)

CumMON NDE vy NUEVD2

CUMMOU/FLAVL/FLGY

kAL My

1LVEGER ANU » O CNTKS» SURpFULL p EMP 1D IN,OUT,
le‘.:»LPrNOf:L_P'EMPuNu'O[.irCORrUK'bAS'ANB

DATA iNlRFvCNTRUrbURoFULLoEMP;bHu'IN'OUT'
"‘P.‘JLP'NOSLP'EMPU“U'OH'COR'UK'GAS'/\NE;/].'2'4'8' 160320
64'1?8.2560512'102412348'409608192016384r52768/
belA MASKL e MASK2 1 MASK Sy MASKY s MASKS » MASRG
“ASK?fMASK6/0777777777757007777777737770
0777777677777'0777777777773r0777777777767'
07777777377770077777775777700777777767777/

UOUBLE PRLCISION UMAX, yMAX

LouBle PRLUCISION Jr VPSS ETA,P

Piz3,141592¢

UEPSX=, 0Bxup

LePSY=Z, 05%072

vzl

Pyl 100]

FORMAT (L 90 ' XBr YU riNSEW? rh)

[YPE 001

FORMAT (101 )

READ (NULV 19 3) Xistia) » YB(N) P NSFU

FORMAT (2F, 1)

IF (HSE W) Bsr e S

hvaiie ]

Gy Tu 2

NEMARS fy=1

1sLC=0

PUo38 121, 64B3MAA




IF (AL L+ )=N501)) 10,1446

KL XU (I)+,7000Q2)/NR+2
AZUYDULEL) =YI(L) ) Z(XBULHL) =XB(]))
hook=1

Mwmz 0

hemb My a

B BiL)=Axxi(])

UL hzhl, K20 KDK

I (FoltR)=a(14+41)=0,072001)7+709
vt et

Rk (M) =R, (1)

b (M) SARIME Card ) +b

CulTLiNGE

AL 3 NE S

Lo 10U 1L

FAZOw (L=, n00001) /DRep

AT (I ) =Yo (L)) Z{Xu (L1 V)=YR({))
hez1 :
LYB L) =AxX(])

KRuKkz==1}

M=

VIVIER AR 0=~ o PR (NATR N ¥T'N
IF(RO(K)=AL(L+1)+.003091) 13,100il
M tih b }

lewth (M) =R (K)

LNMF (MM ) ZAxKME (VM) +3

KL LM

Gu TU Jo

Ko dlML=n

CONTINUE

IFCrL Q1+ =0 1) )20 24, 16
LIS(vb(1)+.200000)/Dc+2

AZ (R (L4 )=XBCI) ) /(YL li+)=YR(]))
Lozl MAax

STAD(I)=Ax14(1)

L=l

Hz

Lo 16 L=r1.L20L0L

Le (L) =yo ([+1)=,000001)17,17,19
Mzlt L

anb (i) z20¢1.)

vk (D zA% 8P (1) 48

L aNE =iy

6o TO 2H

LIZ(YB(I[)=anNOLODL) /D241
AZCAGLLEL) =X (LX) 7 (YBCLHFL)=YR(]L))
LzT)

BoAB (L)~ Ytl)

LuLz==1i

Han

vl 22 Lt L0 Ul

Ik (Ze (L) =yo(Ll+2)+,00)01)23,21,21
=kl

Zuh () =28 (L)

Rivt (i) ZZ2NP () ¥ 0+

Lo TNz

0O Tu 25




LLiNE=r

CUNTINUE

Vo 20 J=1,LLINE
Jo=JRLINE

Bmb (WJ) SRNP (J)

wiP {ud)=LENP (J)
UMAXSKLINE+LLINE
U0 27 J=1,JMAX
DS(JIS(RMP (J)=X5 (1)) %2+ (ZMP(J)=YB (1) )**2
UG 30 =1, UMAX
TEST=10,04%5
MIRANS=0

v 29 MM=1 . JMAN

IF (DA (MM =TEST) 28, 28,29
TLOT=DS (M)

M7 HAMNS MM

ConTLnvEe

RNP (1) =RMP (MTRANS)
CiiP (N) =M (MTRAND)
USIMTRANS ) =10 Dk %7
CuldTLrUE

vizZILEC+]
wvezISEC+HJnX

Nz

UG 31 J=ul,J2
(RE=TRT )

PIA(J)=RNF (N)
PIY(J)=Z2NP (M)

CUNTIHUE

1SECZLISECH+UMAX

CONTINUE

I1=z1

Izi+1}

IF (ABS(PTX(I)=PTA(L=1))=UEPSX) 35,359 38
1F (ABS(PTY(L)=PIY(1l=1))=DEPSY) 363638
ISEC=1SEC=2

po 37 u=1,1SEC

PIX(u)zPIx(J+1)

F1Y(J)aPly(Ju+d)

CUNTLNUE

LF(I=L1SEC) site 34,30

IF(I=15EC)03039,39

CUNTLIILE

165EC2=150C=1

UeF= (PTX(ISEC) =PTACISECZ) ) #%24 (P1Y (ISEC) =PTY (ISECL) ) %%2
CEFSSURT (UlP)

1F (DLP=,230R) 41 4T oL

ISkC=IskC,

CONT {NUE
DePZ(PTX(2)=PTX (1} ) x5 24 (P1Y(2)-PTY (L)) *¥*2
UEP=SGRT(DER)

LF (DEP=2x0R) 430 Bk o 4l

[=1 .

vwu TO u4b

l=0

lzi+1

Ko (DR (PTXCIFLI4APTIX(L) ) 70RE2
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Lzt 0r0n02«FiY (1)) /70242
IrCPTIY (L) bEWGPTY (L+2)) o ANULIPTY (L) EQeZB (L)) )60 10 4o
vo 10 49

IF(PIA(Iv1)=PIX(I) ) 48e48,y47
Pzl eRMAA i

Ky =K = MA X

UNORX(KM) =P,

UNORY (M) =1,

PUuP M) 2o S (PTX (L) PP XTI +L))
PNORY (KM) =TV (1)
MiIRM) S (MKM) s UR VL)

MEREB) = (M(KB) « VR, COR)

LU TO Hi

KidZ (L=] ) *Kir AAT N

MTZIMEFGMAA

LU (M) =0,

DNOPT (M) ==,
FaURAAMIZ % (PIN(L) vPTX(TI+L))
FPRNORTY (M) = TY L)
FMKT)S(MIKT) s UR,CUR)

Mogaiv) T(M{KM) s URGOY) -
v Tu %3

Lo CoDr(PIY I+ HPIY(T))) Let+2
K=(1,000001«PTX(1)) /DR 1
IFCPIACT) JEQGPIACIHL) ) o AND G (PTX(L) JEQRB(K) ) IGO0 O 56
GO 10 4

Ir PV (T41) =i Y (1))520525)
K (L= ) # AR =1
UNUHX(KM);"’.'

LINGRY (KM) =1,

PNORAKAMIZPTX (1)

FNuRY (M) = S (PTY(1+1)4PTY (1))
MEKM) Z (M) o UR L 0U)

MIAMEL) S (lam+]) +UR,COR)

vu TU v

KM (L=]) ¥ MAXNER

DNORX (KM ),

UNURY (KM) =0,

FMORKA (KM = TALT)
FNORYVARM)I = S%(PTY(I+2)+PTY (1))
MinM=1) = (s (KM=1) e wil, COR)

MIRM) Z (M (M) L OR,00)

CunNTLliuz

LU TO B3

COonTINHuE

UASPTA(LE L) =P 1 X(T)

AUARZ s HXAPTIX(L)+P I A(I+1))
DYSPTY(I+1)=PTv (1)

hW=ABAR /DR 1,

L= /DAR/DL L

SUMZ=YyAh®DX

TP P TA(I 1) =Ru(K) )D7+154057
IrtPIN (1) =£8(L) 10515609558
SUMZOUM=Li3 (L) ¥UR=(PTX (1) =ity (K+1) ) *xeB(L+1)
LO TU 6ok
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LUMZHUM=(PTX (L) =R (K) 1 *xZB (L)
LU TO &b
LF(PTY(I+1)=2B(L))S59,538¢59
DUMZLUM= (RS (K4 L) =FTX(I4+1) ) kZBIL) = (PTX (L) =R (K+1) ) %208 (L+1)
GO Tu b
IF (PLA(IF1) =R (h41))0H0:.60063
IF(PTY(Ll)=c3(l+l))e1ro2161
SUMZOLUMH L (L L) kUR=(PTA(I) =RB(K) ) *ZB(L)
GU TO a4
SUMZ U= (PTXCL)=RL K+ ) Y RZo(+1)
Cu TU @k
SUNESUN= (KD (R ) =P TACT L) IRZB(LEL) = (PTX(L)=RU(K) ) %21 (L)
CUNTLLUE
KHbmz el
LMzl
IR (SUM=SME) 0Dy 7Ry T0O
I CALS (DY) =ASSHIUN) VA9 9 0b
sF(UY) T e 708
KPRMZy 2
Go Tu 72
RPRMZR
0o T 72
LF(DR)70,70, 71
LrRMz=L
e TO 72
LRMzL42
CONTINHLE
KIMZLRKMA X HISHL
MUERM )Y (M{KKIM) 4 VIt CDR)
ApvOoS 5% (PTX(L14+2) #PTA(LHL))
YAVOS O (PTY(L+2)+PTY(14+1))
KAVGZXaVE/uRF2
LAVGZYAVG/uZ+2
Ir ((RPRMa e o KAVU) s AND o (LPRM4FUW.LAVL)) GO TO 73
o TG 75
I5ECZLSEC-]
lezInd
VO 74 Uzl.I5EC
FIX(J)ZPTX(JFL)
PIY(u)=PTY (J+1)
CONTINUE
G TG 78
ANVGEZ 5k (PTX{I)+PTA(I=1))
YAVGZ o S*% (FIY(I)}+PTY(I=-1i))
KAVGZAAVE/UR+2
LAVEZYAVEG/LZE2
FCELZCLAVE =) 2 AMAXHKAVD
FLOELZRCEL4+HPI B (KCEL)
AP T2 LPRM= 1) :XKMA N +KPRp
LF(KMPT L EQ.KCEL) ¢O TO 76
6o 10 79
lobCzlgEC-,
l1.=1
1zi=]
JO 77 Jz=1Z2eILEC
FiatuizPTx(y+l)
PIY(JIZPTIY (U+L)

i = - . e o
e e e Tl s S

ks
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an
d1

e

1IN)
axt!

o
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DOeNn

84
hLoy},
Hung

d .
e pvatable 2P
2

from

ail

CuiaY IMUE
CLinT INUC

ApnlZ 5% (PIX(I+1)+PTX(1))
YUt Ok (FTY(L+2) +PTY (L))

UASPTA(L+1) =P IX(])
LvzPiv(le1) =iy (l)
CUNTIIHIE

FMAGESURT (LX*%24+DY %%2)
IF (FMAC)YLCo 80,02

TYrE 61

FORMAT{LH ¢ "FMALZOY)
Cull wNIT

CuaTlnUe

Fovz (L1 RM=1 ) «KMAA+RIPRM
NAVOTARARZUREZ

wAVOZ Yol ulre

l"\;\l\”\: (L/'\V{'J"'. ) *K"".lf‘w\*‘KAVU
KO HOE 2 M=nuAll

LRE T nBAR Y =R Tul

R SUMORM) s URGOL)
UMONR A LE M) ==Y ZF ke
L"J'.)'*.Y Lhat) SR/ ARG
FounatnM) cailng

Py (s MY S Y .

1r (h=1SEC L) 40y 80, 80
CuliTiriUe

LU of eZ) nPART

Apzib' 1)

Ac =R 01

LoXd/ue+2

HS=F NIWARITE 34}
NOARZ =) ) kKM A+,
KGTORZ i MERTH I(NSAR) )
KnimHuARFKSTOR

LU TU &7

PuoThz ¢ XK=PHORX (KM) ) % DIORA (KM) + ( XZ=PHIOIY (kM) ) DNORY (KM)

TR (PODOTN=LI'S1) 8608537
MEEM) Z (M(Ki1) » URGARE)
CUNTINUE

FORMAT (LH o 2F)

1R ANSoe=2) B8 20l
CouniTLUIUE

FORMAT (LH o 3F)

FORMAL (LF o 4F)

HE TN

t.oals




3 TR ey G Lt i Jtomn
3
-
¢ B
i B
[ | “
A i
E -~
E
E
:
:
4
k.
1
é
1
0 *
*
o *
. *
. ~ f
*
1
Z
)
3 b4
3 4
¥

UREEws——————_cs

155
SULRCUTINE REFLAG
COMMCN NV“C'thN'UAC'VACvTMlOTM2'1M3
COMMON NCYCLEyNSTUPy NEGTMe NEDI T OPE
COMMCH TIML yEDTAMyEDUT,NPLT
COMMON BETAPEPSZr LT VMAX » UMAX ) RELAR, CUT
CotMOi SMINPEPSLy NoMAX, UBTO» VB TO» UnD » VBIND
COMMOGI UMy MU RHUA Y GRy GLr Gy 1SEC
CumMOn, VIneULiNy UKP DLP,NBP,DDR,DUZ
COMMUN NEXP ) NEXPP ) NPAR1 ¢ NDIV
COMMUN NGRIDPRMAX ) LMAX g KMAXZ ) LMAAZ p KMARZZ ) LMAXZZ
CoMitOu WLl o p kB e SDMX 0 1.DMX y MESS (7))
COMmOt, ICHIoXMAArYMAX:CRTRArCRTRbrCRTZArCRTZB
COMMON 1TESTrIVZr LErGAMA Y PUAS»PGASL s PAME y GASV s GASYZ
CuMMCl NF,HG!NIlrHrXG!HH!HV!GG!FUUUErN[AL'CRAX?DELZ
CumtiGin BEXC300) o PTX(390) 1 RMP(320) h RN (307) » XL (300)
CCmMC, GEY C300) 0 PTY(339) o £MP (358 90 NP (309) , YB(300)
Coumrid DS(IPU e P (30E)
Cubimun REL1O)I 0 2(2530) 1t (150) 9 23(150)
CuMMON ORE(150) 2Ucu (150)
CurmOis M{2500)
CORMON RF1{(5000) +RP2(3200)
CunaMQOn LAV (250¢) P VAVL (2500)
CObMOM P2500) » L2050 3) yETA(2539) yv{2502) RPSI(2500)
COMMOL DNUHX(aqu)oDNuRY(ZSOO).PNOHX(QSOD).PNUHY(ZSOO)
COMMON NPRTA(2503) s NPRTB(2500)  MPRTA(2506) » MPRTB(2500)
CuMMUN SNC{2L00) P UIY U2
CumMUN NLC(300) P IFX(3239)
COMMOUN NLEVLPNDEVD
CUMMON/FLALAI/ZFLALGY
KLnak
Lo TOGER AL s UR e Civi R p SUR P FULL s EMPy LD 1N, UUT,
PHSLP;HOSLPpEMPUNUpObvCORrUKrGASrAkH
LATA INTHFvCNTRUrbURrFULLrEMPrJNUrINrOUTr
FnSLP.NObLP.EMPBND.Ou:cORooKrGASrAHB/Irzp4r8r10r32o
CQ0123r25b'51201024r?94“94096'8192r1038“r32768/
CATA MASKL#MASK2 9 MASKS » MASKYS s MASKS p MASKG »
MASKT o MAGKS/CTTTTTT7T775700777777773777,
VP77 7007T 1770 0TTTT77777TT3007777771777767
CIT77777317170 077777775777 70027777 77677777
DLUBLE PRECISION UMAXs vMAX
Lotk PRECISIUN UrVePSI ETANP
F1z3,1415926
LOGICAL TA»TeTCriVyTii, TEST
LUGICAL Al v AAPAL P AC: AL
DO 23 L2, LLMArRZ
KMzl KMA L
Lu 29 ASE,KNAXZ
KK+ uM
KRMZKT=-kKMAA
= KM=pMA R
LECIMIKM) JAMD W SUR ) o EQesSUR) GO JO 2
Lo 1C¢ 19
IFCHPRTACKM) ) 2303023
IF((M(kM).ANU.OU).EQ.Ub) GO TO 4
U Tu Y
1E9T=((M(Km+1).AND.CON)cEU.COR).OR.((M(KM+1).AND.bUR).EG.SUR)
PR (M (KMmEL) .AI\“J.F'JLL) OEQ.FULL) .OHO ( (M“\I"l"'l) OANU.U;“)) OE\JQUND)

Gy Ehe Ll e e . seand
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1u31;rt&1.hwv.(((M(KM-1).AND.CuQ).Ed.CUR)aUR.
LR M= 1) gl o SUR) o £Q4 SUR) L Oy ( (M(1M=1 ) e ANLJFULL) JEU, FULL)
-u“o((M(Kh°l).ANU.bNU).E@.uNO))
l;S]:TLST;AHU.(((H(KT).ANU.COH).EJ.COH).OK.
((N(hT).AmU.bUH).tU.SUR).UR.((M(KT).AHU.FULL).tG.FULL)
.vF.((M(KI).ANU.dND).tu.dNu))
TEo1=TEST L AN o ( (AM{KL) ¢ ANDLCOK) oEWs CORY 4OR
(\M(KU).AHJ.bUR).Eu.SUH).UR.((M(KB).AND.FULL).tG.FULL)
o\)l"t((NI(}\U).ANUODND).l:-uo’“‘lu))
IF(TEST) U 10 23
FARM) 2 (MUKM) s URGEMIP)
MO Z (M) s AN o MASK )
M(hM):(M(nM).ANU.MASK#)
P (KM) T, 0
IF((M(hM+J).ANU.EMP).EU.ENP) GO TO o
GO oTe oy
COnTIMUE
U(rM)zp,0
lF((M(KM-l).AND.EMP).tuoEMP) U(KM=L)z0,0
IF((N(hT).ANU.EMP).Eu.EMP) VIK4)=),0
lF((M(Kb).ANu.EMP).Eu.EMP) VIKE) =2,
Gy TO 25
1F((M(KM).AND.tMP).EQ.EMP) GO 10 iuw
GO Tu 23
F(rM)=n,0 “
NMEHPRTA (M) 4
IF i 15,23, 15 3
f"l\l“fﬂ-'-l(fv'l(if'\l'}).UR.SUN)
N(hM):(M(Km).ANu.MASKl)
JZKM
VLARZVAVG ()
VEARIVHAR /NN
UARZUAVG (V)
UBARZUGARZiviNN 3
IF(((M(KM+1).ANU.EMP)oE”.EMP).OR.((M(KM+1).ANU.OU1).FQ.OUI)) k
Gu 10 1w k
v TV 17
G(KM) ZUBAR
lF(((M(KM—l).ANU.EMP).E@.EMP).OR.((M(KM-l).AND.OUT).F@.OUT))
U(km=1)zunk :
1F(((M(Kr).ANu.EMP).Eu.EMP).OH.((M(KT).ANU.OUT).E@.DUT))
V (\M) ZVBAR
IF(((M(Kb).ANU.EMF).EG.EMP).OK.((M(KH).ANU.OUT).E@.OUT))
V(KB)SVBAR
ConTIiluk
VO 47 L=2,LMAXe
Kaivzl &k MA L
LG 47 k=2,aMAXZ
A=K MM
'\M:KT’KM/\A
FisTKM=KMA A b
LEANPRYAGAM) ) 240070 24 E
LFCOAKM) G AND G FULL) JEQFULL) 60 TU 25 ;
o TO 30
LF CIMIRME 1) AU GEMP) JEQ . EMP) Gy Fo 20
WG T 2y
LECIMORM=1) JANDLEMP) sE G EMP) GO O 29

R R e ¥ e e i i
o R 248

3¢
¥




IFCUM(RT) g AN GEMP) (EQEMP) GO TO 29

IR ((MIKD) e AMU oEMP) dEQ MP) GO TO 20

CC TC 47

MIKM)Z(M(KM) «URGSUR)

MAKM} S (MK ) o AND « MASKS)

F‘(h-'h;ﬂ.ﬂ

Lbu TG 47

LF(IMIRM) qAMNUOL) JEQ,03) GO TO 47
IFCIMIKM) (AND « SUR) s EQ45SUR) 60 TO 32

w0 TV 47

SbP:OO(.‘

F(sM)y=n,n

Hiz0

LECIMIKMI 1) JANUGEMP) JEweEMP) GO TO 47
TR COCRM*1) AND JFULL) «EQ,FULL) GU TV 34
CO Tu 39

SUFZSCPHP (kY1)

|‘1:|'l"'1

Ir COMURM=1)  ANUJEMP) JEweEMP) GO TO 47
LFCIMIKM=1) JANDFULL) sEQ.FULL) GO 10 57
te Tu 38

SEHZHeF - (nM=1)

Ilzivt 1.

IEC(MIKT) JANDSEMP) o EQJEMP) GO TO 47

I CMIKT) JAMDJFULL) LEQ FULL) GU TO 4§
0o T 41

SUPZSUPHP (KT)

INzint)

IFOCMIRB) JANDJENP) JEQ.EMP) GO TO 47

IF CIMIKB) JANDJFULL) JEU, FULL) GO TO 43
6u TO 44

SUlFLHER+P (K1)

Nzlit}

MIKM)Z (M(nM) e UR (FULL)

MUM) 2 (M(KM) e ANU « MASK O

M (Y\M) :(M (t\;‘”) QAN:JUMA(;K"‘)

15 (M) 45845046

P(kM)=0,0

G0 TC 47

F(inM)=SGF /in

CONTLIUE

wQ 6L Lz2,LMAAL

K1 T=LxKMA X

LD 63 K2 ,KMARZ

KT=KTT K

K=K T~nMAA

KozKM=KMAA

LA COMIKM) JANL O ) «EQ UY) G0 TO 48

Cu 10 vb

ha=( (M(Kl“i) oANUoOK) .EUOUK)

TATCIM(KMEL) e ANU OB ) o EweOB)  ANUe ( (i (KiM+1) AND JEMP) (EGoEME)
T ((M(KT) JAND UB) ¢CUUB) « AND ¢ ((HI{KT) ANDJEMP) LEQ,EMP)
T'.,:( “"HKM-‘J.) e AlNU s UL ) OEU'OU) AN e ( (M {KM=] ) .A“UoEMP) L0 JEME)
TvZ (MK ) s ANDCB) «FueuB) o AND g (M (3) s AND JEMP) JEULMP)
]LST:TA.OIJ\OTBOU'\,O lCo()R.TV
M(AM)Z(MUKF) o AL e MASKT)

IECOUM(RM) AMD o OB ) «FQe0B) o AND . ( (M (KAM) (AND ¢ ARB ) s EW o AR ) e Alvu e
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(otNOToTEST)) MIAM) S (MIKM) s OReOK)

TeSTooFALSE,

I (DHORX (M) ) 89,51, 52

PR CMMEARM=L) JAND JEMP) JLuwFMP) TEST= Thuk,

Lo Tu H1

Ir COMUAMY ) s AN GEMP ) sEuws EMP) TEST=4 TRUL,

TF (DNUKY (KM) ) 0205455

IFCOURB) JANU o EMP) (EGGEMP) TESTETEST. 0Ky o TIRUE o

bu TC 54

IE COMORT) /MU GEMP) JFEQeEMP) TRSTZTEST 0K e o | KUE ,

TR OTEST oniw o COMIKIM) saNGaDIN) o Fuw,0K) ) MIEM) S (MOKM) o AND o MASKT)
P CCMOEm) oL UK ) W EQ,01) LU TO 56

F(rt4) =,

Lo TC b

TESTZUAAE s, oFALSE, ).ANU ((M(hM) AlD 4 UN)Y L EW,0K)

1R (TEST) U v 97

G TU p#

vzt

5t’ :Uo

ITFCOUMIKT) dAND G UK) ¢EWoUK ) e OR ¢ ( (M(KT) o AND  FULL ) JEGLFULL))
o TU 58

Cu Tu »Hy

LPZSPEP(KT)

N:.N’ ]

lF( ( (M(V\D) OANUQUK) CEuQOK )2 OK { (M(Y(L") o'\|“[)cFULL) oEquULL) )
vu 10U Al

Lo TO 6l

LHP=SP P (Ky)

Mzivt]

Er COMKM4L) o N0 UK ) e Eue DR ) o O, CEMIKMEL) s nND o FULL) o EwaFULL))
GOu IV 62

U TU 03

SFSFEP (Kt 1)

INzivt .

I CCOM(RM=2) e ANUGUK) s weOK) « DR (L IMIKKM=1) s AND o FULL. ) «EQeF ULL) )
CO TO o4

V0 T wY

SPZSH+P (KR=1)

I‘d:H‘F].

I (636860

F(rM)ZSP/y

Culv i InuE

CALL vELLS

Ve 71 L=g,LMAXL

A= (e=1) x\MAX

LO 71 KR=Z,iWMAXL

U N T

IF COUERM) y ANL G EME) oFULEMP) o OR L { (MIKM) o Al « SUR) eEuwe DU )
GO TO 69

to TO 71

LF CIMIKA) (ANDoARB) sEWeARZ) GO TO 71

P (M) =PAM

CumT INUL

E TUKN

E b
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SUBRCUTINE EDIT
C LM NVAC'NGEN'UAC'VAC'TMl'TM2!TM3
COMMOIN NCYUILE NSTORyNELTMeNEDI | »UPE i
COMMCIN Timbk, EUTIM EDUT,NPIT 4
CuMMUN BETAPEPS29uT» VMAX ) UMAX » RELAX,CUT
COMMCN aMlN.fPal NLUMAXpUBTOe VB TOrULND » VRIHD
COMMCHE UM, MU» RHUA Y GIR9GZr G [SEC ;
CUMMON VIN UIN)UKP»DLP, N8P ,DDK,DLZ F
CUMMOI NEAF p NEXFE ) NPART ¢ ND iV
COMMOIN NGRID v KMAX g LMAX ) KMAAZ g LMAXZ s KIMANZZ o LMAXZZ
COMMGN KDMINp LUMING KDMX s LDMX p MESS ( 7)
COMMUIN LORT » XMAX 2 YMAX» CRTRAPCRTRLICRTZA»CIKT 213
CumMMuN IMESTeI0Z0 Le gy GAMA Y PGASIPGASLePAMBy GASVr 0ASVL ‘
COMMON NF pinGo NI T ot 1a XGoiiH o 1V 2 GG, FUDOE s MTAL » CRAX s UELZ :
COMMOH BFAT3NN) yPTA(3C0) p KPP (330) s KNP 3035) » X3 (300)
CumMUN BPY(3UU)'F11(100)IZMP(JQQ)'LNP(OOU)'YD(300)
CumMUN US(A00) P ILIP(37Q)
CURMGE RE1HM)I v 4(L150) 1RO (LBQ) 9 23(L50)
CoMMON DR (150) DB (150) 3
COomMUN M(2500) k
CuMMOn RP1(5000) 1 KP2(5000)
CUMMUIN UAVL(2500) y vAVG (2500)
COMMON P (2LN00) p»U(2509) ETA(258 M) 2V (250C) yPSI(2500)
CumMUi bNuhX(’5u0)quOhY(°5J0)pPHUIX(&JOO)vPHORY(2Jﬁﬂ) ‘
COMMUN NPRTA(2500) hNPRIB(2990) yMPRIA(L50C) rMPRTB(2500)
CuMMOM SNC(2500) yURHDZ 3
CUMMON NEC (300) y IPX(320) 4
CUMMON NOR VY o NUEV2 -
COIMMON/FLAGL/FLAGY 3
Fenle mu o
INTECER ANDyOR)CNIRB» SURFULL g tMP oDy AN, OUT, '
FrRSLP o HOSLF o EMPBNL » 0 CORY OK» GAS AKB
LnTA AINTREsCNTRp» SURYFULL s EMPy 3ND» 10ty OUT,
FrSLE sNOSLE s EMPUMU» OB 1 CORY UK GASIAREZ11204080 161352,
G leidy2560512,1024,2018,4096931929 106384 ,32768/7
LATA MASKLaMASKZ2 e MASKI ) MASHL s MASKS s MASKRE »
MASK Y » MASKG/ZOTITTTTITT75T00TT71T777377 7
CITTTTT073 17700777 TT7TT7300727777777767
OIT77775771Te Q77777779777 T00727777767777/
LOLDLE PRECISION UsVIPSILETAPP
LouBle PRLCISIUN VMAKLr UMAA
FIz=3.1415426
WiLATE (2201)
FORMA [(Ul s YEUITY)
FOURMAT (1H o "L o IS)5Xe 'KyETAWPSIrUrVIPIX OR HrUPART y VPARTY)
FORMAT(LH 9 *CYCLE' p I8 TIME 9o UT'yLs' NPART',
110, PAMSY F)
WRITE(2204)NCYCLE ) TIME yDT o WPAK T » PAIGS
Wwr A TE (229 7) RHOA » MU
FORMAT (Lh #5X YKHUAS Y pEr * MUS? )
Wil TE(2208)
FORMAT (LM, *SURFACE PARTICLES')
v
L0 14 N1, niPART
AATRIPL ()
YRR (N) p
K=XX/uR+2 .

i b
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LZYY/UZ+"

KM=kt (L=1) xKMAX
IF((M(KM).ANU.SUR).EQ.bUR) G0 TO 9
wo Tu 1y

MM=MM+ 1

CO TO (10,200 42) 0 M

R1aXX

YIZY

GO TO 14

A2z XN

Yo=Yy '
GO TU ih k
XS:)\X é
Y3=Y 3
faM=0

FOLMAT (141 2 ORp 2L 2R 28, 2% 2F)

WELTE 220 10X 0 YL o A29 Y20 X3,VY3

COnTinLE

LO 27 LzugmNy LOMX

BTT={l.=1)%xKMAX

WRATE (220 D) (MESS(L)»Iz1,7)

FORMAT (1t 2 70Y)

Wha T (229 3A)2(L)Y o HHICYCLL » TIME » MU » RHUA

FORMAT {Lh p 2%, B, CYCLEZ ', I, TIMEZY9E,yr MUz,
Ly "RIGZ 'y )

LT (22,2) L

U 2L KSKUMMNeKUMX

WRPZKAIRTT

LPARTZUAVG (KP)

VHARTZVAVG(KP)

MPZHPRTA (KF)

LEAMPY LT 17,08

UraRT=0,

VPARTZ( . ]
v TO 19 §
UPKILTZUPA T/NP ]
VRPAKT=VPARKT/NP §
TESTZAUCREP) JNE D) JUR, (vIKP) JNE, D) E
IF(TLOST) U Tu 20 ;
Lo TG 21 i
COMTLNUVE ;
WEATE L2290 G)KPETACRPY s PSTURP) p U(KP) e VIKEY P (KP) s RARD » 3
UpART » VPAIGG =
FORMAT (JH »I4)0EL15,.8) :
COMT S IUE 4
IF(OFL,01,0) wo 1C 22 3
oo TU 7 E
FORMAT { 114 e TLSt 10 YK FULL y SUR EMP e OB UKy ARBy CORPBND  LIN» OUT 9 GAS » i
EMPDMw y SNC o MPT o KMFR ) DNORX s UNOR Y ¢ PHORX  FNORY » UBIND » VIND) * ) 4
DO 26 KZKUM KDMX b
FizKIKTT 3

TEST:(NPR]L(KM).NE.O).UP.(ANO(M(KM)rCOH).LN.COR) ?
e Ul LAND (1M (KM) 0 0B) EQe0B) o URe (ANL (RIS 9 SUR) o wy SUR)

o Uhey (AND (kM) rFULL) ebe FULL) «OR, (AND (M (k) e BND) s 31IL)
QORQ (.‘\ND(M(KM) 'IN) QEOOIN) .ORQ (ANU(M“\M) IOUT) QLU.OUT)

sUK ¢ Coiv0T , (AND (MCKM) yEMP) EQEMP) )
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IF(TLaT) oy TU 24 A
- vu TO 26
24 MAZ0 {
IF CANO (M{rm) o FULL) ,FQ.FULL) MAZ=1
- mL=0
1 (ALG (M(KM) p SUK) JEQ.SUR) mB=1
MCc=0
= 1F (AMO (M(Ki) rEMIP) JEQLEMP) mC=1
Moz
L (AN (M(M) 2 0B) oEQ,08) MD=1
- A
IF CAND (M{KM) PUR) o EW,0R) ME=1
3 vir =0
k. ) LR (AL (MUR+) P ARB) JEG,ARB) MF=1
3 MG
s . LF CAMU (MIKM) »COK) WEQ,CUR) M6=1
it - ME=0
i Ik (AR (M {AM) roNL) JEQ L BND) wH=L
; M_‘_:U
4 I8 (AR (M(Km) s 1N) EQ,IN) MIz1
Muz=0
LE CAND (M(KM) rUUT) JEQ,OUT) idJ=1
v=0
ML=0 3
LF CAND (M (RM) EMPBND) JEQEMPBND) ML= ]
- MMZSNC (KM) ]
MASMPRTA (M)
M =NPRTEwKM)
WA Te (220 25)R e MA PR e MC o MD o ME o ME o MG e MH » M T p vl p MK » ML,
*  Mpie N2 e b e DNORX (KM) » DNORY (KM) p PNURX(KM) ¢ PLICRY (KIM)
__ eb FORMAT (LH o IO dXe 3180 1A04I20 21X, 31002 Xe 311X 2130
*  LF)
2L CUNTINUE
27 CUNT INUE

TykFe Z2BsNCYCLE
WEITE(22920)NCYCLE

k. . P33) FURMAT (LH »*EUI1 CUMPLETE FOR CYCLE'pild)
! B FILE »2

3 ki TURT

_,' N bt

o

k|




APPENDIX III

THE COMPUTATIONAL PROGRAM

Routine Name Function

MAIN Read in data from initialization
program, compute ETA and PSI values,
controls other computation.

PRES Pressure Iterat.on
VEL Velocity computation
VEL55 Free surface velocities

NOSLIP Takes care of no-slip boundary
condition




AR IEEYTES 2

CORB AT

305

rz

o

CumMmMON
CoOMMUON
COmMOr
C()i"-l‘i(/i"%
ComMOon
ComdCh
QT
CCMMUN
CuMMie
C M.
CoMiwu
C oMM
Cuilabi
ComMurn
CLmtqQN
C(/MMON
Cubkivond
CuMitw
CoommOnN
ComiAon
CumtQlay
CumMUieiy
ComimQi/
CuMMuny
COMMGIYy
Cuimpiving
CuMMONy/
LutiCan
LG0T C;\L
| YA O]
ITWTEGER

. . ] i - 163
v s MOET P UAC» VACy TML1» TM20 TS

HCYCLE g NOSTOR il DTMe NEDT T e uPE

Tl e EOTIMPEDUT NPITyNI IER
BETIAPEPS2 T e VMAX» UMAX e KELAX LU

SM Lo EFSL o tis™AX, UBTO» Vi T0eUniiD e VBHIU

UM e hHOA Y OR 10 L0 Go ISEC

vIl e ULy UKEF DL, N3P, DOK, DL

WEXH o NEXPP y WPARTINDIV

NORLD s KiMa X g LMAX ) KMAKZ d LMAAZ p KMARZ Zy LMAX LZ
KUt e DM p KLMX LDMX, MF.S95(7)

FORT o XMAAr TAAX s CRTKA»CHTREBYLRTZAPCRTZU
TTESTeI0Zr 120 GAMAYPLAS POASZ o PAMER » UASV Y GASVL
ME NG eNLT o He XGo HH e HV e GG FULLL  ITAL » CRAK» DELL
RE15M 22 (19 R (150) 0 23(15 D)

DR (A5G) » DB (450)

M(2h0N)

Pl2o0N) s d(0L0 ) FTA(2532) 1 VI2500) o PST(2000)

DNUHX(250C) s NNORY (2500) » PHORX (2900) ¢ PNORY (20005)
Uityul

NV eNUER VD

FLAWA/FLRGA

MU Tiv/Mo T
FLOLZTEY s iR o BIED T o 1iSTE NP Ly
STurF/ZRERIKOGRS p i IAME » DLV S e vCHM e UCHIM
MUGLSEZ A TNY» THSW e SWSTAT
LOOK/PMEKpUMXy VoA r PRX L e UsX Ly vIX1
Mr/UTMAA

TIY e NUME e WEDT r ST NP T4

NE LD

ANL'OFJKAWH“}DbUR'FULL'EMPvDND'lN'OUTv

FRSLE o inOSLE s EMPrstiue 00 s COR» UK GAS AKB
Lalpn INrHFvCNTvabURvFULLvEMPIJNUvIN!OUTI

Frostiden
by L2200y
I 1 A
MASK /' M
rTri
VA
Cakie Py
TikF o
FOURMA T (
ACCERT
FoRMAT
I (Lv,
tyrll o
Fobbnal
I o DRCH
Formid Ty
AOCEPT
f' Uf\M/\\] (
LR (IS,
runGlan
Iyt 4
F Qi AT (
AN )

ObLr P EMESNU » Ol r CORPUKPOASYTARD/Lr 20 By e L 32
S0GeHL2 10U 2G4 b, 40969 21920 LO38L, 3270t/
Sh1eMASE Lo MASE 3 MASKY s MASKS s MALKE
ASKRSZOTTITTTTITTISTvOITTTTTITTIT71
7777y O T T7iTITTT30077T777777167
157170 ITTTI7ILTTI? 7077777776777 7/

£UY

1

1 2 "FROCESS OK EXAMINE?2'»%)

302100

al)

EW,'EY)Cabll. EAAMIN

T v tApminCY)

1l p*SAVED COREZ YD)
Jres

ALl)

EG,'Y') su TO 32

1 o YINPUT FILE<ty%)
S AME

FORMNIT (AD)

i
.
.
5
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b sl Mk a2
WAMLL TS AME #2
Cat.l. LFILL(229HNAMLL)
RenDiZ2)NGEN
KEAD (2L )INCYICLE piTUP,NEDTM, NED LTy UPE
REALL22) TLIAZ o EU T IMpEDD VNP LT
BEaD(22)GETAPERSZ2yDT e VIAX e UMA Xy RELAXy CUT
RUAL(22)5SMIMeERSLINBMAA»JBTO» VsTO UBLID » VEsvL
Roab (22)Upio MU RHOA yGRy 02 v G ISEC
READ(ZM) v e Ul URP DLy NSP o DER e DD L
Re AL (22) N AP e WEXPEy NPART » N TV
REASI22INGRID e KidAA g LMAA P KMAXZ 0 LMAXKZ o KMAXZ L9 LMAXZZ
R D (20 ) Kpsitd s LuMNy KDMX p LLOMX » MESS
Ko AL V22) LCRT o XMAX) YMAX,CRTRA P CRTIRBrCRTCA)CRT 2y
REAL(22YLTEST o 10L&y LZ o GAMA r PGAS ) POASZ e PAMB s GASV 1 GALVZ
EAL 22t vt NI T o tha XG o HHp 1 IV 2 GUr FUDGE » NTALW CRAK Y DL Z
BEnD 220Ky Zo b £b "
e AL (22)0RB LD
RLnau(22)m
B (22)F 0 ETAY V. PST
KEAD (22 0ol X 000RY e PNOE X o HINORY
binlnn22)bieDe
UIBIAAZUIGER 2% D AR%C/ (DRExD U L%%2)
W MANS G TMARZ (U4, 092001 ) kRETOA
UIS D (OT4UTHAR) = HD¥ABS (D T=DTMAX)
CimARZRT
PELAAS G 2kHUAFDR®x2 /0 |
TRl o
FoltttF (LH o "URDATE 2 90 b)
MCERT 50 VS
1 (IS BEe, ity ue TO 32
Fopatb CoieAME 1o
CALL Iflu(280N/MER)
NEAD(Z3) M
Rt D21, vel?
Fl s (23 T o BHUA» T TME p NCYCL L e MU EPS L
RiAaL (2o KoMl kOMX e LDMI LOMX e DRy DZ o kA X 0 LMA K9 D TMA X
TYFE 7
FOivMAT (21 o HPIT=,9)
ACCEFT sy MIT
FORMAT (1)
TYFE
FOrMAT 211 , *NOMPT=2 %)
ACCERT 8y JUMPT
T%PE 1n
Foldan, Tt 2 P NELIT= D)
HOLER T BewbDLT
M TMENCYCLEITNE T
CounTituk
iyrc ann
“F 1t :oFf.\LbL..
FOtdIAT (AH o 'FIg RUl2es)
HLULLPT 3Ry MYS
b O (L)
TEURMSEQ, 'YL Tu 832
fib 1342, TRUL
COMTLIMUE

e T e e

e
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TePE 1}
FORMAT (1 » 'CREATL SHARE FILEZ2'13)
nCLEPT 3,0YS
IF (W S.Eue YY) CALL FILE
Tir=,THUE,
WP LMz, F ulSE,
MoMPZ G FFALSE .
HEUT=.FALSE,
WSTP=, k- ALSE,
Trv=.2
TeQz=0, 0
MSWRZ2
FvaeD
CuiNT L UE
UvizMUs ;1
OO L=, el
POl =0, 0
EianCinz0,.p
CuliTTINUE
LU Lo Lz=2,L.MAXZ
KM= (L-e L) xxMAX
dEAHGLIN JpU, M) GU TO 36
VDS TRV (D (AMM+ L) FUKNA+2) ) k6 NCaReR1TOARN (2)
Co 10 3y
ULARSE v (g (KMM+ 1) +U (KMM+2) ) *RIHOA®R (&)
IE(UBAK) 301370 57
UpiSuUn AR*0 (rvdM+ 1)
Lo TU 39
URZUBAR*U (AMM2)
BO o RE2,KMARLL
RMZK RN
v =UR,
TR (HOL N oL, V) GU TO 41
UPZTEV (U (KM) +U (RN 1) ) kNS URR K 1OARI (K1)
o Tu 44
USaR=E VR (G IKM) UL EL) ) XRHOA®R (K+ 1)
IF (UBARY B2 43043
UpZULAR®U (RMEL)
v Tu 4y
UhazubaikxU (/M)
IY((\h(hM).ANU.EMP).NE.EMP).ANU.((M(KM+1).AND.&MP)
ek L EME) ) L0 TO 4SS
Lo TU 4p
LA (RN ZETA GWM) +RHOARU (KM)
ETACAM)ZETA(KM) =DT*( (Ux=UL) Z{NDKRB(K) %R (K)))
CONT Ul
LO 0l K=y, AMAXZLZ
vViz0,Q
VO ol LT2,LMAKSY
hT:I\'\' LJ‘}\MH,\&
=k T~k MAX
2= MA L
VoV
VLARTE vk (@ (KM #V (RM L) )
1%(((M(KM).AHU.hMP).EG.EMP).ANu.((H(KM*l).ANU.tHP)
oLu-tJ"I[‘)) (.'() ]0 L:’l’
vy T0O HO

IR SUPYNCY  YOLLUPY S Yoy o o T
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IFCCONT ) s ANUaelir ) o ME JFME )  AND o (CHITTINTH1) o AN JLMP)
-I\Il';cL_l\lP) ) L0 1o '“)
Jr=rc.0
Lu Tu ol
VISHOUpAU LT F VAR
Ly 10 i
JECORUM )Y s AMUGEMP ) o NE JFME ) ¢ ANy o ( (B CRM* ) o AND o EMP)
el G EMPP Y)Y L0 T LY
TECOUMEKY ) e ANUGEME ) ¢ME M) o AML o ( (MIKT#3) o AMD JEMP)
eil oL Hil?)) GO 1O 52
Cu T
LE (VD) Do DBy by
VIZRPHOARUERT ) VL AR
CO T0 f)
VTZROOAXVL AR RU (1RM)
o U &)
LE (VORI D HY OB
TP COUMIRTY dANDGEME) JEQ EMP) s AL e [ IMTKT+1) o AND JEMP)
EULEMPY)Y OO 1V LD
vIZKNUREVARRU KT
o T HY
VIISRNUAEN AU (RM)
SECOOMORLY AL UUT ) JEQ, 0UT ) o DR, CEMIKT) o Al s QUT)
stte Qui)) 0 Tu ol
E1atkM)ZE (i (KM =0, ((VI=VL)/D2)
ColMTinge
LO 73 K=2,nMAXZ
JF (LivtlieFowe ™) LU 1U 03D
VISTEVRLVY () AV IKRERMAX ) )k INSQP % HUA
e TV 60
VEARZE vy LK)+ VIR EKMAX) ) %R {OA
LEAVEMO) OareDr0Y
VIZSVEAR®V (RERMAX)
cL TO (E19]
VIZVome®N (h)
v T Lze,LMAXZE
KTk ibakMpn
KMk T =RKMA A
viaz=Vvi
Tk (Hobn G, M) 60 TO ob
VIZTEVA (VM) +v (KT) ) ®xSQIRARHOA
v Tu 71
VAPZE v Cy (MY #VERT ) ) « W\ HOA
L (VRAR)OU, 70 70
VizVosaR¥v(nl)
o T 7
VIZYLAREV (KM)
L COCHERM) GAND GEMP) Gl JEMP )Y s AHD o (KT ) o AHU o EiP)
b ILMP ) ) w0 HU T2
LO TO 75
71 (KR PG (KM) +RHOARV (KM)
FOSL M) ZF G (M) =D TR (VT=vi3) /D2 (L))
Cuie ot
LU B0 LzZ2, LMARLLE
el ISk MA A
Upa, 0
LU B RZ2,KMAXL

iy Gamil alil d e, By i fo e g
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oy 2K ERMM

- ~ K AZK T =i MA o
| JL=UR
) UBARZF R (G CRAM) +U KT ) ) *RB (1K)
f . T CCOAERM) G ANU ) oSO EMP) o AD o ( (G (KT) o AL o iP)
- * LLULLMPY) wC 0 T4
oo e 77
/‘+ lf‘ (( (I'HKM"'l) QANUQEMP) QNEQEMP) OANUQ ( (M(“T"‘l) o/\“l)oEl“P)
* HEJEMPY Y GO TV To
v =0,0
_ o fu pY
¢ 1) URZRHOA®UG A R®V (KM 1)
% vl TO g8
i 77 A COCUMIRM) « AND GEEMP) o NE JEMP ) AN o ({M(KT) e AND JEMP)
i o eallelMP) ) G0 Ty B2
: IF((lM(mM1l).AHU.EMP).NE.EMP).ANU.((M(hT+;).AHu.LMP)
*  Lnbeelm?)) G0 T 79

ol T oM
{9 IFAUnAaR) sn6leel
on URZRID nkUBARRY (KM+1)
v TO sy
41 URZRid i kU all %V (Ki1)
L0 o8
oe L (USAR) LI bL P 8L
33 lF(((M(hMrl).ANU.EMP).EG.EMP).ANU.((M(hT+1J.AHu.EMP)
k  andeeMP)) G0 Tu 85
By UKZIGIUARUGARKY (KM+ )
w0 TO 3o
o13) DEERUVARU 5 RKV ()
(213 L CCACKMEL) GAND o UUT) oEQeOUT) ¢ ORe ( Lid(M=1) ¢ Aldu . OUT )

ko e VUl ) L0 TV O
POLIRM) ZPS L (KM) =D Tk ( (UR=UL) Z(DR*R(N)))

44 COAT1HIUE
s (MUY 106, 10689
3¢9 DU 97 LI2,LMARL

N TSLkkMA A
Dy 97 K=2,KMAXZ2Z
i ] NT=KESTT
NAZK T~ {MA X
ndaK A=KMA 4
IF(((M(&M),ANU.tMr).Nt.EMP).ANJ.((M(KM+1).AND.¢MP)
i sl e ZME) G0 Ty 94
Lo TV 97
9N TECCUA(KE ) s AND GEMP) JEw EMIP) AN o ((M(KB+1) s ANUEMP)
& ot.(J'QLMP)) b) f() 91
Lo TY 92

91 V30T =U (kM)
v Ty Qi
Y92 UuTnu(Kg)
) 93 Le COCIRT ) e ANUGEMP) GEQEMP) e AND o ( (M {KTHL) o AND o EMP)
* endeiM?)) Wy 1V 9y
20 TUu 9%
Yy Uiulad (M)
Lo TV 9,
9b JIOPSJ(RT)
- Jo LA GO ZE TA(KM) +UM K ( (UTOP+UBOT=TWUXU(IKM) )/

x

DelikkiISaR)

Bl gt




*
97

Yo

99

1nn
1ny
1n2

IR
104

imny
1nG
1ny

Al

ke 100
9 110

4 111
L 12

1y
1o
117

11

duced
%ﬁg{ oav a‘l‘a b

from e
le copy.

ETACKM) ZE {0 d) =ik (V(KM+1)—V(KD+1)~V(KM)PV(KG}?g-
(OB AN) U2 ))

(:UNlr.[AJ\“;

JU 0L KoL kMAKL

JI IO LZpyLMaALL

o ZKOFLREM,

PSR T =IWMA A
[r(((H(hM;.ANu.LMw).Nt.EMP).AHU.((M(AT).ANU.EMP)
N PSS | R RV RCY S B V) 94

oL Tu rtay

SECOUTURM=1) e AR EMP) o EQ 1LMP ) ¢ AU o (M IRT=1)  AH o El?)
hRUGLWR) ) 6D o M :

su Tu 100

VOLF Y2V (wiv)

a) T 102

LTy (K= 1)
lF(((M(KM+1).ANU.EMP).LQ.LMP).ANU.((M(hT+[).A“u.EMP)
evenM) ) GO TU LN2

v T 103

VROHTZ Y (K1)

Lu Tu 101

YR TSV (R4 1)
I;WPH;\U\nT)-U(KM))/DLM(L)-(VRbH[—v(KM))/UNU(K)
TNMPL:(U(nT-l)"U(KM—l))/UZJ(L)—(J(uM)-VLhFT)/UHB(A‘li
Vbl(nM):Pbl(hM)-UM*((TEMPR*HB(N)‘TEMPL*RH(R-I))
Z(UITRI ) )

CwreTLHUL

Cuts T3 NULL

CoT LUk

V) 2 K=y KMAXZ
“SJ(h):PSL(KFM*KMAA)—2.*PSI(Krs*KMAX)+2.*PSI(u+KMaX)
CunT UL

LPS=LPS?

Lawl PRES(LPS)

wo 120 L= e iIGILy

FarTAAXRTCALS (B (L)) o 1P4X 1)

VAK1ZAMAAL (ADS(U(L) ) ruMX1)
VARTZAMAAL (ALS (VL)) e VXL)

e rClomasNCelLE+ L

PIMCET L +uT

IE (VAR K) 11002120100

P ETPGL/V X

CUNTINUE

TEADT=pTMAXZ) QA2 102,041

DTS Fn

Con iyl

RELARZSET veRHOARDR¥®2/, T

i {M4,,)00 TO UIv

FIHGTR) Gy TO 119

LA HNUT NP GU Tu 115

CALL AisSAY

g [u 117

SR HCTCLE=NDER T A1y L i L io

Wik AdLhAayY

AP o F AL DL,

HYsP T2NDMP T +HDUMP

LECeHOTLHNERLTIGO T 123
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123
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119
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gz

Canb. EZDIT

Nl T=JFALSE,

LO TV 335

LEANCICLE=EDTM) 33,221,121
Hew THENED (q+NED ST

cALL LoIT

v TV 3%

ALl EDIT

Cacl., ABSAY

Chcle EXIET

SFANCTICLE=NEUIM) 3979826800
AL TMIHED TMENED LT

VIPE 823,14CYCLe

FORMAT(1r »'EQIT AT CYCLE v,13)
CALL CoIT

DALL ARSAY

CALL EXLT

WETURN

£ al)
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SUBINGUTINE PRES(ERS)

COMMCia NvAC e NGENPUAC)VAC» Tide Tii2e T3

CUMMON INCYCLE s NSTOPyNEDTMe NEDIT» OPE

CoMMO VLML )EDTIMEDDY ,NRPIToNITER

Cub MO BETAERFSZ2euT ) VHAX s UMAX e  RELAX CUT

COMMON SM [ p EPS Lo MUMAA  UsTO e VBTO» Lol s VRN

COUMMOIL UMy mille RHOA ) GR GLr G ISEC

COMMOIL VEwe LN UKP o DL, NBP DDk, DL2Z

CurMON NE X MEXPPy NPART D1V

OmttON NG LU o WA X g LMAK ) KMAXZ » LMAAZ s KMAXZ Z 9 LMAXZZ
CumMON KUMN'l-Ul‘”‘J'KUMX'LDMX'MESS(?;

COMMOI TCRT » XMAAr YMAX» CRTRAPCHRTRE 1 CRTZAPCKIZL
COMMON LTESTe1UZe129GAMAYPGAS PGASL o PANB UASV » GASVL
COMMUN MRy Gy NI T oHe XGrH yHy 1 GGy FUDGE ¢ NTAL v CRAK P DELZ
COMMOIN READD) p£(150) o R, (LEQ) v a3 (150)

CotataCin DR CAD0) v Dep(250)

CuMb=0ii M(2nn(0)

CumMCie FL2L00) s LIZL05) PETA(2583) o v (200C) o FSI(2500)
Cortiand DNORX(2L00) » DNORY (2500) , PMOKRX{2500) ¢ PNUORY (2500)
COMMUN Lh,o2
COmMUl NOg vy NRVE
COMMUN/ZFLAGL/ZTL RO
COMMUNZFLOGSZT 1y o HDMP o NEDT o NSTP, NP L1,
CObMOUNZSTURF 7 ERRORS o NAME o D IVS e vCHM ) UCTHM
LooICnl, YT 7y NUMBPeMERT 9 aSTH NPT M
RZAL My

INTEGLIs ANL s ORpCNIREB Y SURPFULL o EMPy oND e LMo QUT
FUSLF e HOSLI? EMPUND ¢ Ou v COR P OK» GAS ¢ Al

UATA LTI s CHMIRBy SURSFULL rEMP e 3ND» Lidy QUT,

FROLP 9 idOSLP o EMPLNG 9 DG o COR v UK s GASIAKB/L 020408169320
e 103,250 51201024,2048,8009698192016584,32708/
BATA MASKTeMASK2 e MASKI s MASKE » MASKS » MASKE

MASKT ¢ MASKB/Z0TT7TTTT?TT75T 0777777773777
077777?67777710777777777775107777777777671
CITIT7737T77 700777770777 700777777767777/
FLZ0.1400926

HASLT=Z4 5080

MeLSzh 5010

LOGICAL TROLT

LOGICAL ThaeT8eTCeiVeTH

Mg X=(

Lige=r

Catl veELt2oNLIL HILNILY D)

MMz

MITER=N

RITER=ENLTE 4L

LHORMIZ 0,

FAURMZ N,

bivslzn

ToMPSLzn

VO L Lz, LMAAL

rol TS ®r A A

JU 46 KzE2, AMANE

N IE-{ N

L=l

HTZKT i KP

NwnZi i) =KiMA,.
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My hiM=MA X '
lF(((M(NM).AND.FULL).Eu.FULL).AND.((M(NM).AHU.UB).NE.Ob))
v TV 4
IF(MGM) L6, 83052)60 10 4
L (M) oduw,,45016)60 T 4
vy Tu &
LLVECU(NM) X RbCR) =U(HM=1) kRs (K=1)) /
(o (K ) %01 )
LAVIUL v+ (VINM) =V () ) Zu2
Lt U 20O
COLTLVE
br COMORM) JAMD W UR) LEQLOK) bu TO 6
Lo TL 43
LLLR=ZLR
Leks=D¢
IF (ERCKY () =2 (LP) | Te7+8
Lo=Li-=1
by Tu ©
CUMT IMUE,
L=l
KNISLBRCMAL+KP
Roztho—=1) kndlaXx+rb
OAZ (R (RP ) =FMORX (NK, ) ) ZULLR
Stz (4l (L) =PNORY (M) ) 7pLLZ
I CUCKT=2))120100 112
ULzl (in=1)
Lo TG 12
UizU(KT=1)
LF(UCKT) )24015,1y
ezl (i)
CO YU 1H
vezlhH(KT)
IF(UCKNM=1))17016017
Uszdnm=1)
Co 10 18
Loz=U(Rm=1)
IF (UCKM)) 20019,20
U U () .
vu TO 21
buzug(hm)
UPZ (o LrSA) i (o D=SY ) hULF (o H=5X) % ( ¢ H=SY ) kU2
UPZUP +( o S45X) (o 545Y) ®UB+{ ,5=SX) ¥ ( 4 H+SY ) %k
LF(PNORA (Fid) =R (KP) ) 22122923
(NS E |
Lo 10 24
Kis=ki?
RUS(LP=2) £ nMAXIRD
AMZ (L2 =1 ) #EMAK+KE
SAZ(RB (KL ) =PNORX (i) ) Z7ulLR
SES(LZOLP) =PNURY (M) ) 7L 2
IF(VIAM)) 26025020
L=V i)
0 Tu 27
V1ZV({KM)
IFGVING+Y) ) 29,28,00
Va=V (i)
wo T 30




ICTSSTN SINEY N )

Ir VDY) 32931032

VIRV ING)

LO TV 39

JanVing)

IE VARG FL) ) 35p 01,355

vgsViily)

GO Tu 360

vazVi(Kp+1t)

Pl rOX )k (o D=8 ) ¥V i+ (4 5=3X) R (45=5Y) kV2
VRSV + (o H+0X) k(o BESY IRy I+ (. D=5) k(o 5+S 1) %Vl
LOT=DHOKRR (M) % UFHDRORY (NM) xVP
LIvUuT/Z0R

RO (DIv) LT 10E=20)uIv=0.9
TorPorLALRDLY

IFCOIVSL.0l ,ABS(LIV))GO TO 7022
UEVEIZABS (L IV)

CML OGS

LvL ol oy,

HOnh g S (Np) =TEmP
TECINART) G AMNDGOUT) GEQ.QUT) GO O 41
ol U ¥2 )
Frotem) =,

leb =0,

FORMNZE MU+ TEMP* VEMP
PisURMIPMOR 4P (NM) %P (Niv)

Coll VEL(1/MMyKeLpN)

CuU'iTLivUE

vO 45 =2, LMANE

boe=2 (Le-d ) ¢KMAX
FPirnt=1)3F (KL) =GR*RHOA* (R(2)=R{1))
CONTINUE

LU U6 L&, LMAXZe

KL kRMAX

FORF) 2P (Kie=1) +OR*KHOA® (R (KMAX) =R (KMAKZ) )
CONTiINUE

VO 47 K= ,KkMAXZ

NI=KA (LMAXxc=1) xKMAA

R TZKALMAXZRKMA X

NEZK FRMAA

Foabrzi

P(RTTIZP(RT)

IF (IR o ARDOUT) JEQ,OUT)GuU TO 47
PORB2) =P (kL)

CONTLHUE

CAaLL VEL v oMebl o MIL NIL,Y)
FRROPZSQURT (EHURN/Z (PNORM+ . 0000031) )
L ORSZEI QUR

DIVO=ULIVSE

TYPE S7,NCYCLE

iYPE CoaDEVS

TeRC 7023, \MLOC  LMLOC

FOoRHAY(IH o 'AT KRSt I30relz0y135)
TYi'L 44ekr 0ok

FORMAT (IH o *CYCLE '»13)

FORMAT (1H o *MAR DIVERGENCEZ')F)
FORMAT (1H » 'ERRURZ Y, F)




LF (ERROR=E PS4 5% 50
AF CedUTNI?AM)IGU TU 8N
WP lidz FALSE ,

R TURN

IF (L TER=WPIT)I 3¢ S0 D2
Wb lTE (1 e DH7INCYCLE
WELTL (L e Do) UIVS
LRITE (L1 88 ) ERROIN

two FLILE 2

Lokl APFLL

CUNITINUVE

Fio TURM

Bl




(@)

OCOoCO0

'duced
begt availab

from S
le_copY.

SLEOUT T VKL(NAL!NAZ,NA3'NA4'NA5)
COmnen NVAC)NGENIUACY VAC T, TM2) TM3
CuMMUM HCYCLE » NSTUPyNEDTM) NEQT T UPE
COntGiy Thic o EDEIMEPD T, NPT T, NI TER
CoMtt g DETA'LPSEvbTvVMAvaMAXvkELAA'CU]

COMAmL SMENEPS] P HBMAX, UsTur VBT » Us iD r VBiNU

COMMOCH UMy MU THOA y R0 G20 G 9 ISEC

COMMOu V1o UL, URP e DL, NBP, DD, DL

COMMON NE ™y MEXPP y NPAIKT D TV

CGMUiy NbHIDvKMAXpLMAxoKMAXZ;LMAAZ:KMAKZZoLMAXZZ

(R CIRIE IO KOty LUMive nUMX 0 LDMX y MF S5 (T)

Cumt O 1Cu1rAMAAvYMAX!CPTRA!CHTRU'CRTZA'CRTZU
LMy I]thfr1U£oIZpGAMA'PbASvPGASZ'PAMB'UASV'OASVA
€ Oki10iy NF,HQ'NIFvaXG!HH;HJ!GG;FUDbErHTAL'LRAX'DELZ
LOMMOIY [CLO0) 9 20150) y R, (150) » £3(150)

CombOil DI (A59) s Lets (1H0)

COUROM M N .

Cumpgn F(QH“”)vaEBOﬂ)oFTA(?BGQ)vV(ESOO)'PSI(ZSOO)
C oMb DNuhX(QSGG}vDNURY(Zﬁﬁo)'PHURX(BSOO)vPNUHY(ZSOO)
CumMuti pK V4

COMMON NDEVL iub v2

COMMGL/F LAGL/FLLAGY
LUHMUL/FLUb/IT\'NUMPpNtDT'NSTP,NPIM
LUMMOH/hIuFF/ERROHS;NAME.DIVS'VCHM'UCHM

LOOICAL TUry NOMPy HEDT o NSTE WP TN

NI MU

LBk ANU'UH'CNIHB'SUR'FULL'EMP'DND'lN'UUT'
fHbLFoNObLVpEMPoNUoOvaORvUK'bAS'A“U

LATA 1HTHF'CH]Rb'hUP'FULL'EMP'uNU'IN'UUT'

FILLE s dOOSLE p EMP 3L » OB 2 COR O GASYARBZ 1120408916132
buv]26925n'512'1024020Q8ouc9608192916354'32768/
LATA HHSKI!MASKZ'MASK39MASAQ'MASK3'MASK6'
MASK7'MASK0/U777777T7775790777777773777'
u777777n77777v0777777777775907777777777670
U7777?77377779077777775777790777777767777/

F1oo, 1415924

RGILOZNK Y

KMZHAS

K=l

LzlAg

KPTHAY

FvzeH

H4lS ROUTINE COMPUTES ALL OF THE CELL VELOCITIES.,
THb. PRESSUKE GRADIEMTS ARE CALCULATED FOR wOUMDARY
PILESSULES LOCATEL AT THE MID POINIS OF ThHE LAGRANWE

BOUMDARY LeGMENTL, APPROXIMATE LINEAR IMTERPOLATIuUN
15 USEL.,

LGOICAL tEST
Vuaxz, 0

LMaZLmpXZ

NindThMAa X7z

LR (KPebWwa Q)60 TC T3
UChiM=(,

vihM=0,

[FIVN N SN B )
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Koy T=L&MAA
bu 39 K=2,KH2
KTSKARTT
rMZK =k MAX
E Kps= K M=KMA X
& KN Z=KTEKMAA
K | ¢o TU 7H
3 15 K i =K+ MA &
& I KM= K VA A
re=kT FhMaA
nMESh
LMLzl
T4 AF COUMEERM) o AMDGFULL Y sEuwe FULL) s UR ( ( (M IRM) o AND o SUR)
et MeHUK) o AND e ( LM IRM) s ANDGCOR) s HELCUR))) GO TO 1
Lo e 39

L COMPONET OF VELUCITY

LE UG CRMH 1) o AND S U10) W Ewe BND) GO TU 2C
IFCOCUMKMEL) ANDEMP) dEQEMP) ¢ OR ¢ ( (M(KM+1) s ANL o COic)
! Lo TU 5

ol TO (20,4) yNSIG
! U(KM) ZU (K ) =ohku T
’ ca T 20
{

[ N eNeNal
R

£ O

v

AC=I )
L COMOAM) s AND GUR) o EQo OK) o AND o ( (M{nM=1) ¢ ANULCOF)
0 WU, LUR)) w0 TU 6
oo 10 7
ACZPMURX (FM)
, An=icdng 1)
: N Ir COMM(KMEL) s ANDWUK) oo OK) ¢ AND & ( (1 (M+2) ( AND ,COR)
3 | * oW, CUR)) ¢O 1V 8
vy TU @
) AASPHURX (Kt d)
Y PAZP (M) 4
IFCCUM(KM) s AND 4 UK) e EQo OK) ¢ AND o ( (M(KT) ¢ AND 4 COR) E
* LU, LCR)) 00 T0 16
3 Lo TO 11
3 ir FozP () :
F1zP (AL) 1
VTRIFPLIURY (M) !
=Z{L=1) 1
0O TG 13
11 L COUMIKN) s AND LUK ) o CU OK) o AND, ( (M {nB3) o AND 4COR)
# U, CUR)) LU 10 AQ
vu TO 14
ic PezP (K1) 1
FF1=P (KiM) . =
Y2=Z2(L+l)
11ZPNURY (kM) 3
13 SLES(P2=P1) /7 (12=Y1) | ;
GRLZPL=SLp*Y L

~0

P TR

- ACZR(K)
FAZSLP£2 (L) +URJ
1y PozP (Rm+1)
1F (( (KM 1) s Bl s UN) IF-\Y.O|<) sAND G ( (“1(KTI'1)QI'\N”0COR)
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U, COR)) w0 TU 15
Gu TO 16

P2=P (Kh+1)
P1=P (Kp+d)
Y22PORY (K1)
Yi=Z(L=1)

W 10 18
IF(((N(KM+1).ANU.UK).tu.OK).ANU.((M(KU+1).AND.COR)
LQ@.COR)) GO 1V 17

Co TO 19

P2zP AT+,

F1=P(KM+1)

Y2=diiil)

VISPRORY (KM L)

SLP=(P2=P1)/(Y2=Y1)

URUZF L=SL XYL

AASR(KG]L)

PuyzStl*2 (L) 40ky

UOLD=U (KM)

U(KM)ZETA (RM) +UT* ( (PA=PB) / (XA=XC) )

U{RM) U (Ki) ZRHOA=OR*D T

UCHZAL S (UuLD=U (KM) )

UCHMZAMAX]Y (UCH » JCHM)

v COmPONEIVT OF VELUCITY

IF COMURT) s AND . BND) JEQ.ND) GO 1O 39
IF(((M(KT).ANU.LMP).EN.EMP).OR.((M(KT)-AND.COR)
LULLOK)) WO TO 22

LO TO 24

LO TO (39,23) kNSIO

VIKM) ZV (Km) =GExyu T

Lo 7O 39

YC=Z(L)
lF(((H(KM).ANU.UK).EQ.OK).AHD.((M(nB).AND.COR)
LU CUR)) GO TO 25

Lo TO 26

YC=PHORY (n™)

YA=L(L+1)
IF(((M(KT).ANU.OK).EQ.OK).AND.((M(KTZ).AHD.COR)
BU COK)) U VO 27

VO TO 28

VASPNORY (RT)

FAZP(K) .
lF(((M(hM).AND.OK).EQ.OK).AND.((M(KM+1).AND.COR)
LUsCUR)) GO 10 29

¢ 10 30

Frz=P( N )

F1zP(KM=1)

X2ZPNURX (K™)

A=R(K=1)

Lo 1o 32
IF(((M(KM).ANU.OK).EG.OK).AND.((M(nM-l).ANu.COR)
situeCUR) ) w0 TU 31
LY 10 33
F2zP(Ki4+1)

F1lz=P (ki)
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21=PhuRX ()
X2ZR{ne))
SLP=(P2=P1) 7(X2=A))
U= l=5LP%X1
1C=2(L)
PASSLExR (i) +URY
b o=PRT)
Ir (CUM(KY ) o ANUOUK) ¢ EQoUR) s AND ¢ ( (MIKT+1) ¢ ANDCOR)
W, COR)) GO TO S0
w T0 3L
F2zP(\T)
PI1zP(KT=1)
122PINORX(KT)
21=R(n=1)
Gy TU 37
l%(((M(KT).ANU.UK).EQ.OK)oAND.((M(KT-l).AND.COR)
U LOR)) LD TV 36
vl Tu oY
v 2= (Ki+])
YI1ZP(KT)
A2ER(K+L)
A)IZPHORXIAT)
SLbPz(P2=F1) /7 (X2=X1)
VplizP1=5LpxX1
YAHASZ(LEL)
bosSuLPs(K) +0RU
VOLUSV (KM)
VIKM)ZFSL (RM) +U L X ((PA=PB) 7 (YA=YC))
V(R) 2V IRM) ZRHOA=GL*DT
VoHTASL (VOLD=V (KM) )
CHM=AMAXT (VCH vCHM)
UMAXZALS (U (KM) ) +ABS(VLIRM))
VMAXSF VR (ABS ( VMAX=UMANR) +VIIAX+UMAN)
CuivTiNUL

USL USLIP ROUNUARY CONDITIONS ON O3 CELLS...

IF(RPEU,C)GO TU T
CAlLL WOSLLF (NILeNILoNIL)
L TU 7oL

CALL 1OSLIP(KMeRIL)
CONTINUE

BOUMUARY CONDITIONS ON VELOCITIES AT EUGE OF MESH,

LO 50 KR=Z2eaAMANRL
AT=K4 (LMAAC=L1) xkMAX
rl D:V\T"KMAX
ARTI=KTHKMAR

Kg=K

KT eKMAX
IFCMERIT) e AL o Lid) EGeiN) GO TO 49
¢ T B0

VAKT)=VIN
vinhTE)=VvIiRT)

L { kT )=,

G0 1L 5h

R
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b

51

d from '
E:?Ir o'dvu'c“e' ble copy&

IFC(m(KTT) JANMDLGUT) LEX.0UT) GO TU vl
Cu U %2

VinT)zvi40)

AN JSU(KT)

VIRTT) =V (K TH)

6L Ty 54

IF CAMORTIT) S ANULUND) oFw . BRD) 6O TO 53
00 TU 54

\I(P\T,=Do

LIRTT)ZU(RDY)

VIRTT) ==V inTbL)
lr((n(Kh).AND.IN).EG.IN) GO TO 5%
by TV hHo

VRB)SVIN

UinBl=r,

o TU @b

FECOMORB) JAND G QUT) W Ewe0UIT) GO 1O 57
VO TC HG
VIL)Z(POSL(K)=UT*P (KBT)/DZB (17 ) /RHUA
L(K)SU(RBT)

GO T0O 60

LE COMIRB) o AMD o i3ivD) o EQ e igND) GO 10 59
vy TO o0

V“’\U‘):no

UhB)SU{kpT)

CunT1iNUE

bG 70 L=1,LMAX

KNS (L=1) %pMAX

LESKR+RMAA L

LLS2 KK

I CUMLL=1) JAND o IN) JEQ.IN) GO [0 61
CO TU 62

UiLL=1)=Uln

viki=1)=n,

LU U PO
IEC(MILL=1) s AND,UUY) oL ws. OUT) GU TU 63
[$34) 10 td)

Uitl=1)=U(LL)

VitL=-1)zv (L)

v U o
TFCMILL=1) s ANU o LND) sbuwe SND) 6O TO £5
GO U 66

Uikl=1)=0,

vill=4)av(LL)

6L TU 72

IFCIMOLR43) dAND G IN) JEW,.IN) GO 10 67
LG TC &8

U(LR)=¢IN

V(LR 1)U (L.R)

ViLR+L)=Vv(LR)

Lo T 72

vu Tv 70

U(LR) sy (Lp=1)

U(LRFL)SU(LR)

V(LRI1)=V(LR)

vO TO 72




17¢
I C(MILR+1) JANL JBIND) JEueBND) GU TU 71

vl Tuv 722

UiLk)=n,

LILRAL)==y(LR=1)

V(LR+1)=V(LR)

CUMT LMUE

he T UiN

CH
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LULPCOTINE VELLLUHAGINAT o HAR)

CObmOle IV C o HOEH ) UAC Y VAC ) (AL T2 9 T3S

CutmCil HC T CLE s NS TUP LELTMp iiEDI 2 UPE

Cubitte TIp opELTIMIEDULT NPITHIMITER

COMMUL GETAPEPSZ »LT o VMAX » UMAX s RELAA CUI

Comintiu SMILPEPSIvlbMAA,UBTU»VI3TO ULND» vBIHD

Culttnd UM, MUs RHUA P GRy G L1 G 1 SEC

CotimCre VLo UIN)UKP DLy N3P ,,DDK,002

COMMOIN NE AP HIEXPP y NPaR | o NDIV

CuMtO HORLD P KMAR s LMAX y KMARZ e LMAXZ P KMAXZ Z ) LMAXLZZ
CONMONE KUyt g LDOMINg KDMX » LDMA ,MESS(T)

CUMUN LG Tr AMAKs YMAX s CRTRAPCRIRU P CRTZAPCRTZE
COMMON TILSTe 1020 )L rGAMAIPGASPGASCIPAMB ) GASV » GASVZ
Comriud 1F pHdGeNL Eot1p %G e 1B o 1iv e GO, FUDGE s HTAL » CRAX 9 DELL
COMMOU 100 N) 0 Z0150) o Ry (1506) LB 1152)

ComMMO DR (A50) »Den(150)

CoMMay Moo

Cupiil P L2000) y U290 EVA(2543) pVI25H90) 1 PST(2500)

Cuiiduin UNOX (2LC0) » DNORY 12550) , PHURX (2930) » PNORY ( 2500)

CobMuUN LK, L2

Cumbdiurl NUE v1eNDEV2

COMMODNZF LALUL/FLAGL
ComblunsZbLoo/TIY s HULMP o MED T o 14STH  FIF T
LOCICAL TTIYoNEU b v HIOMP p aSTR W HPT Y

AL e

VO GLI ARUsORPCHTRR Y SURyFULL o EMP oLl » LN, QUT
FRSLP 2 vOSLE » “MFUND » OL » COR» OK » LAS  AKB

CATA LinTREsCNTIRG e SUR s FULL s EMP ML e I OUT
FROLE 0 nOSLP s EMPUNL » OB s CORPUR e URSPARE/Z1021 41080160380
Lo 228,2%00 51204024, 20u8/,4096983192916384, 52768/
WATA MASKYL »MASK2 e MASKI ) MASKY p MASKS » MASKG
MLSE 7 e MASKOZ0TTITTTITTITIS v OTTTTIVTITTITT T
VIT72776TTTT 7077777 3007777777767
V2PT7I7 ST T2 OTTITTTITTLTTIT 2077770777/
FPico. 1410926

ki=hino

h=lin?

Lanib

LOGICAL 1t.o7

L sltiine

Kl SKMAAL

LF(KMeE 016U TU LV

Le 1 L=z2riZ

WHIAZL &F A A

Lo ) K229 42

k. F=K4 hidM

KRMSK T=FMAA

Kig=hti=p A x

Lo TU 11

KT=KMEKMA K

KRpysKM=xMaa

KMe=A

L=l

CUNT LHUE

IFCOMIKM) o ARD o SUR) (EW HURY 4 Ok,
((MIrM) sAHL UK) JEQ.OK)) 0LO TO ¢

VO Tu 1
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IFCConuT, (C(MIKMEL) JANUSEMP) JEWEMP) JUlt,

(MUY ) dANUJEMP) cEdeni) e OKe ((M(KB) ¢ ANUD JEMP) oEUWEMP) Y )

eMND e (((MIAM=1) s AND tIMP) JEGEMP)

OR L {ri(hg=1) « N4 o COR) (EQeCOR) ) e AU ¢ ( {M(KM=1) ¢ ANDB3NU) ¢ HL o raNNY)
AL o ( oMOT o (CAMIRM+L) s ANDGCOR) JEWaCOK) o OR e ( (M(KT) o aAND, §
CUKD) st e CUN) s UR G ({MIKE) s ANDSCOR) (EWCOR) Y} Y) GO TO 3

GO Tu

U(hM=1)zR(R)*URk( (V(KM)=V(KB))/(KB(K=1)*0D<¢))
ViRi=1)sU(AM=1) +U(KM) % (RB(K)/RB(K=1))

“ T0 1

IF(CNUT o { CIMIRM=L) AND EMP) EusEME') 4 OR,
((M(h[).‘\NU.E“)P)QE\JQEMF).OKQ((M('\U)QANUQEHP).LU.EMP))).ANUO
LCIMUR4) ) o AU o EMF ) dEW,EMP) ¢ OR g ({MIKM+1) AND4COR) oEQ4COR))

o b0 o ((MUKM41) s AU ¢ ANU ) o NE ,BMD) s AiNU o (¢ NOT 4 ( ( (

M(RM=1) ¢ AMNUsCUR) ¢EQeCUK) s URe ((MIKT) dANDoCOK) oo CUR)
OU!\o(“"'(Kb)ol\!'oncUR)QEUQCOK)))) Lo TO 5

GO TO &

U(AM)ZU(RMN=1) ¥ (D (in=1) /RB(K) )

U(RM)SU(RM) = (R)¥LIve ( (v (KM} =V(KB) )}/ (RS(K)%DZ))

Co Tv 1

IF i eiOT o (C(MIRM=1) ANG oEMP) EQeEMP) o UKo ( (M(KM+1) s ANDJEMF)
CEULME) o0l CIMIKT) JAHU TP ) oE@eEMP) ) ) s AL o ( ( (M (RB) o AliL o
t*\P).l'.U.th’).UP‘.((M('\ﬁ)o/\.NUoCOR)oEUQCUN’)QAND.

CIM{RE) o AN NI ) o NE o B ) o AMD o ( JNOT o (( (M(KM=1) s ANDoLOR)
.EU.CUF).Jﬁ.((M(i\M'&M.ANU.COR).EH.COR)oOH.

((M(KRT) o ANULCUR) JEQ,COK)))) GO TG 7

0 TO b

VABYS Y (KAM) +02 ¥ ( (R (K) xU(K4) =Ky (k=1 ) %U(KM=1) )

/ (R{K)+0UK))

o Tu ) .
IF((.NUT.(((M(KM-l).ANU.EMP).Eu.EMP).OH.((M(KM+1).AND.tMr).EG.tMﬁ
eUlte ( LMIRE) ¢ AND EMP) o EweEMP) ) ) AND o (L (MIKT) s ANUSEMP) JLQLMP)
eURG (IM{KT) o ANULCUK) oE6 o CUR) ) o ANU ¢ ((M(RT) (AND BNL) « NEJBNL)
o}\l‘JU.(.NoTo(((M(KN'I)OANDOCOR)cEUoC\)R)OOHQ((M“\M"l)OI\NUO

COY o EUsCOR) sURS ( (MIKLB) e ANL.COR) JEG.COK)))) GO TO 93

e TO

VirMYsy (Kp)=LZ*((1LB{K)XU(KM)=Rp{n=1)*U(KM=1))

Z(RAn)aDRY)

CONT INUL

Re TURN

Ewb
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SUBROUTINL NOSLIP{NAG6¢NAT79NAS)

COMMON HVAC s NUGEN) UAC» VAC ) TMLy TM2, TM3

COMMON NCYCLE ¢NSTUP NEDTMy NEDIT»OPE

COMMOUN TIMEEDIIMyEDDT . NPITNITER

COMMON BETAEPS200T o VMAX e UMAX ¢ RELAAPCUI

COMMON SMINIEPSL o iMAX,UBTOYBTO»UusnD» VBND

COMMON UM, MUsRHUOA»GR1GL e G I1SEC

CoOMMUN VINeUILNsUKPo»DLPNBP,UDK,DDZ

COMMOII NEXP ¢ NEXPPoilPART e HDTIV

LOMMON NORIDeKMAX o LMAX ) KMAXZ pLMAXZL I KMAXZZ» LMAX2Z
COMMOH KOMN» LUMN o KDMX ¢ LDMX , MESS(T)

COMMONW ICRT o XMAAe YMAXe CRTRAPCKTRU»CRTZAYCKTZE
COMMON ITESTe10Z0e129GAMA »PGASPGASLePAMB ) GASV e GASVL
CUMMON NF ¢y NGoeNI T otly XGoHH» HV ¢ GG oFUDGE s NTAL - CRAXDELZ
COMMON R{150)92(150} R (150)0213(150)

COMMUN DR(LLY) »0L3(150)

COMMOLI M(2500)

COMMON P (2500),U(23500) ETA(2530) 9V (2500) 9PSI(2500)
COMMON DNQRX(2500) »DNORY (2500) ,PHORX (2500Q) ¢+ PNORY (2500)
LCOMMOIl DR,L2

COMMON NDEVA/NUEYZ

CUMMON/FLAGL/FLAG)

COMMON/MBTN/MBTIN
COMMON/ZFLGS/TTY o NUMP o NEDT e NSTP NP LM
COMMON/STUFF/ERROKS s NAME ¢ D {VS» vCHM» UCHM
CUMMOH/MOUSE/Z INXe IiNY e INSW» SWSTAT
COMMON/ZLOOKR/PMX e UMKy VMX 2 PMX1 p UMX1 0 VMX1
COMMON/ZHXZDTMAKX

LUOVICAL TTY NUMPoHEDT e NSTP ,NPIM

LOGICAL NFiB

KEAL MU

INTEGER ANUsOR»CNTKRB s SURyFULLIEMP oD » IN,OUT,
FRSLPoNOSLFP »EMPBND OB 9o COR» OK e GAS» ARB

DATA LHTREPCNTRBeSURyFULL o EMPy 3NU» IN)OVT,

FROSLP o idOSLF e EMPBHNLU » OB COR» UK UASIARBZ1020 4989 16932
40 120025005129102492048,409608192016384 32768/
UATA MASKL ¢MASK2e MASKD » MASKY » MASKS » MASKE

MASKT» MASKB/07T7TTT7TTTTI5T7007777T77T3777
V1777776777770 777777777300777777777767
Q7777727377 770077777775T77700777777767777/

IUTEOER ESeEC

Jri=DR/2,

LC=4ll2

LH=410n

Av=NAD

K=NAT

L=NAS

iIF(KM,NEL0)GY TO 99

LMZ=LMAXZ

Kite=rMAKE

Ju 1N0 L=2,LM2

hTT=(L=1)xKMAX

VO 100 K=2.KMZ

nN=KTT4K

w0 TV Yo

ez
AMZL=K




IF(M(KM+1) .EQ. 352, AND.M{KM) .EQ,8)60 TO 98
oU TG 99
J(kM) =0,
V{KM1r1)==v(KHM)
GO Tu 100 4
IF((M(KM) ,ANL.OB) {NE,OB)GO TO 100
TANSSIGN(DINORX (XKM) /DNORY (Ki4) » =ONORX (KM) *DNORY (kM) )
LF (DNORY(KM) oEQe0.0) TA{I=10%%20
KT=KMtKMA X
Kiy=KM=KMA L
1F (M(KMH1) ,EU.EC)GO TO 101
IF(M(KM=1) EQ.EC)GULU TO 102
IF(MIRT) EWEC)GO TO 103
IF(MIKE) sEQEC)GO TO 104
IF(IM(KM+Y) ,EQ.SC)GU TO 101
XS (2B (L) =PMORY (KM) )/ TAN+"NORX (KM)
LF IMIKT) dEWU,EC)H0 TO 110
IF (M(KB) sLU,EC)GV 10 111
ALIZRB(K) =PNORX (KiM)
AL2=DR=AL1
U(KM)=={U(KM=1)%AL1) 7AL2
IF(TAN,GE,20*%10) 00 TO 142
IFCCOMIKT ) e ANDGFULL) e EeFULL) ¢ AND ¢ (XU,GT . RB(K)) IGO0 To 114
ALLIZR(K) =XU
AL2=DR=ALY
VIKM)==(V(kM=1)%ALL1) /AL2
60 TO 100
Y(RM)ZD,,0
wo TO 10v
1F (ABS(TA{N) LT,0.25)G0 TO 103
T1=2TANK (R (K)=PNORX (KM) ) +PNORY (KM)
YLIYL=Z(L)
AL=SYL/TAN
AL1=ut=XL
AL2=H+ XL
U(RM)==(U(kM=1) xAL 1) 7AL2
ALlzuH=YL
AL2=DH+YL
V(KM) == (V(KB)=ALL1)/AL2
O 0 100
YISTANK(R{K) =PNORX(KM) ) +PNORY (kM)
YL=Y1=2(L)
XL=YL/TAN
ALl=suHEXL
AL2zuH=XL
J(nM)==(Li(KM=1) *AL 1) Z7AL2
IFCUIM(KT) sAND,03) sEQ.0B) s AND 4 ( (M{KM=1) s AlNuFULL)
*  JtU.FULL))GO TO 115
TR ((M(KM=1) dAND OB ) o EQeOB) e AND e L (M(KT)  ANDJFULL)
*,5U,FULL))GO TO 116

ALIZUH YL
AL2=DH=YL
V(KB)==(V(KM)%xAL1)/7AL2
vu U 100
ALLIZR(K+1)=XU
AL2=0R=AL 1}
ViKMEL)==(V(KM)%ALL) Z7AL2




TR pee———

115

11v

120

123

123

1Ny

100

Y90 TO 100

AL1=R(K)=XxU

AL?2=DR-AL1
VInM)==(V(KM=1)%AL1)7AL2

>0 TO 100

{R2TANK (Rg (K) =PNORX (KM) ) +PIIORY (KM)
ALL=YR=Z(L)

AL2=DL=AL1

U(KM)==(U(nT)%ALL) 7AL2

g0 TO 100
KU:(ZU(L)-PNORY(KM))/TAN+PHORX(KM)
1F(M(Ky) stwEC)G0 TO 120

IFIMIRT) JEQ.EC)G0 TO 121
AL1I=PHORX (KM)=RB(K=1)

AL2=DR=AL1
U(KM=1)==(U(KM)*xAL1) 7AL2
ALLISAU=R(K)

AM2=UR=AL1
V(KM)=-(V(KM+1)*AL1)/AL2

Gy TO 100
ll:TAN*(R(K)-PNORK(KM))+PNORY(KM)
Yo=2(L)=Y}

AL=YL/TAN

AL1=uH+XL

Ac2=0DH=XL
UikM=1)==(U(KM)*xALL) 7AL2
AL1=DH=YL

ALZZUH+YL

V(RE)==(V(KM)*ALL) /7ALZ

w0 TO 100
Y1=TAiN*(R(K)=PNORX (KM) ) +FNORY (KM)
YL=2(L)=Y1

AL=YL/TAN

ALL=DH=XL

AL2=UH+AL
U(RM=1)==(U(KM)*ALL1) /AL2
AL1=DH=YL

AL2=DH+YL

VIKM)==(V(KB)*AL1) /AL2

bu TO 100
\N=TAN*(RB(K)-PNORK(KM))+PNORY(KM)
ALlz=Z8 (L) =PNORY (Kin)

AL2=DZ=AL1

V(KM)==(V(KB)*ALL1) /AL2
ALl=Z2(L)=YR

AL22DZ=-ALL
U(RM)==(u(hB)*AL1) 7AL2

bu Tu 100

(R=TAH® (RE (K) =PNORX(KM) ) +PNORY (KM)
ALLI=PNORY (KM) =ZB (L=1)

AL2=Dc=ALYL
VirB)==(V(KM)%AL1)/AL2
ALLI=STR=Z2(L)

AL2=D4=ALY

U(KM)==(U(KT) #ALL1)/AL2

w0 10 100

CONTINUE

184
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Routine Name

EXAMIN

SHARE

APPENDIX IV

SPY PROGRAM
Function
Dces display and interaction

for Spy Program

Sets up core-sharing process
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! SULRGYTINE EXAMIN

COMMOI! NVAC o NGEN)UAC ) VAC ) THML 9 Ti2, THM3

COMMOL: NEYLLE s HSTOR,NEYTMy NEDI T »OPE

COMMCH TIMLoEDTIMyENDI yNPITeNITER

COMMOIY BETAPEPS29DT o VMAX) UMAX » RELAX ) CUT

COMNMOT SHMTHPEPSLyNBMAX,UBTO» VBTV UisiDy VBIND

COMMON UM, MU» RHOAYGR»GLr G ISEC 4]

COMMOI VI1iisUIN)DKP,DLP,NBP,DDR,DDZ {
|

COMIOIi NEXP o NEAFP» NPART+NDIV
COMMCly NGRLD'KMAX'LMAK.KMAKZOLMAAZ'KMAXZZ'LMAXZZ
COMMO KOMiNg LUMN» KOMX 9 LDMX y MESS(T7) |
COMMOS ICKT e XMAX ) YMAX»CRTRA9CRIRB)CRTZA)CRTZRB {
COMMOIy TTESTr 1020 129GAMA)PGASPGASLPAMB, GASY) GASVL |
C OMMOI NF,NG.HIvaoXGvHHoHVoGGpFUDUEpNTALvCRAA'DLLZ !
COMMCT K(150)»2(150)9R5(159) ¢Z3(159) ]
COMMOL! DR (150) »028(1950)
COMMOIL M(20L00)
CCMMQi P(QSOO)oU(QSQO).ETA(2500)oV(2500)pPSl(2500) .
COMMCIH DNQRX(ZSOO)oDNORY(2500)oPNONX(&SOO)vPNOHY(2500) l
COiMON Dk ,L2
COMMON HULCVYoNUEV2
COMMUIIZFLAGL/ZFLAGY
COHMOh/FLgS/TTYoNDMP.NEDToNSTPvNPIM
COMMOIL/S THFEZERRORS » NAME » DI VS PHORMS» TEMPS
COMMON/ZMOUSEZINA s INY s INSWy SWSTAT
COMMOM/LOCKZ'MX o UMX p VMX 0 PMX 1 o UMX 1 VMX1
LIMENSLON 1PL(79) 0 IP2(70) 9 IP3(73I)
LOGICAL ITY o NOMPoNEDTrNSTPyNPIM
CALL FORK
CaLL SLTE1S

103 KETSNITREE 700%60
NPLOTH=NI &R

{ HPLTI=NITER

1 CALL HMOVETUL(2560928)
CALL wKITE(*PREVIOUS CYCLES>') é
CaLl “MOVE1U(192,895)
CALL wIITE (?"MAX PRESSURFEZ=AANAL (884> 91'MX) |
CALL HMOVETO(192,064)
CALL WRITE ("MAX V=\VELUCITY=AAA4¢800K> 1 rViiX)
CALL MOVE|U(192,832)
CALL wRITE('MAX U=VELOCITY=AABA0L0K> " 1 UMX)
CALL MOVETV (250, 763)
CALL WRITE(*THIS CYCLeg>')
CaLL MCVE{T0(1929735)
CALL WRITE ('MAA PRESSURF.=aa0A0,8848K> " 1 PMXY)
CALL MOVETL(192,704)
Cal.l WRITE('MAXK V=VELUCITY=AALA 000> " 1 VMXY)
CALL HMOVETU(392,072)
CALL WRITE(’MAX U=VELOCITY=AAAA.084<>" PUNXL)
L=ALOLL0(PIVS)
IR=B+1
L=ALOGLO(ERRURS)
Iu=D+1
CALL MOVETO(576,9u44)
CALL wRITp(*20>M)
CALL MOVE (16020)
CALL WiITE(?a06<>'IR)

e e . M e o i, Wi

1
|




LC 3 ustey
VPLTSLy Y %1190
CALL !VETU(592,JPLT)

CALL VEC(32,9)

CaLL MOVE U576, 464)

CALL uKITe('10<>")

CALL MOVE(16+20)

Caul URITE(*a8<> ' 1D

VO 8 Jz1.y

JPLTZO44+u4 100

CALL HMOVE Tu (392, JPLT)

CALL VEC(32,0)

Cal.l. MOVETV(608,944)

CaLl VEC((pr=400)

CALL vEC(3520 %)

CALL MOVLjo (008 4864)

CALL VEC(pir=409)

CeLL vEC(3H240)

CALL ICVETU(T704,512)

CALL VIRITEL*MAX OIVERGENCEC ')
CALL MOVLTO(T9%,32)

CaLl wRITL (*ENURM/PNORNMSD ')

CALL duXES

CALL MOUVEIU(1800356)

CALL WRITE('SELECTC ")

CALL MOVET0(170,152)

CALL 4RITE('DT=4a.8488484¢<>",DT)
CALL MOVETU(170,243)

CALL WRITE('NPLTC )

CALL WHITEL(? zA84<O " ) NPTT)

CALL MOVETU (128, 344)

CALL WKITE('BETA=AA,A88AA<>" #BETA)
CALL MOVEY1V(128,440)

CALL wKITE('EPSzZA.A8800AAK>" rEPS2)
CaLL MOVETO(427,489)

CALL WRITE('CYCLE aaaa<d® yNCYCLE)
CALL SEND

CALL MOVETU(430,448)

CALL WRITE(YITER AaAA<> ' 1 NITER)
CALL ‘\F‘ND

1iLPT=n

AF (NI TERpu, ITPLTYIGO Ty 7

CALL VELLTL

€D ITERATIONS CAN BE DISPLAYED OM SCOPE
[F((NITER=NIT) «6bT460)GO TO 103
IYS5404(A_UGLO(DIVS) =1 o+l) 100
IF(I'-UT.InnO)lY:".OOO
IF(LY.LT.quy)Ivy=5n0y
LAZOCHE (NI TER=NIT) x5
1P2(NPLOVS=NT i) =1Y

CALL MOVETU(IXeLY)

CALL VECTU(IXoSul)
1Y:u“+(ALubIO(ERRORS)-lD+4)*IGO
IF(IYeLT 4 vzpl
IP3(NPLOTS=NLI)=TY

CALL MUVETC(LIX»1Y)

CALL VECTO(IXe64)




CALL AFRRD

CALL MOVEJO(4O0,4uD)
CALL ARITE('ITER Aa8aa<>'WNITEK)
CALL APKND
MHPLOTS=HNP L UTS+]
TPLTNITER
IF(NITER. e We1)60 TU 103
CALL MOELNT (MOT)
IF(MLTLEC,L1)60 TV 8
CaLL SLEERP

Lo TU b

Chnl ~MOUSKY

INYS (ENYFQOH) /S0

GO TO (1Ff,9,11013,14) 0 INY
TYHE &D

FOILMAT(LIH »'0T='9 %)
ACCERY 1P ,uT
FOrMAI(F)

LG TU 10}

TYPE 12

FORMAL (YNRLIT=Y D)
ACCFYT 20 ,NPIT

FOorMaT ()

Ly TC 10}

TYPE 24

FORMAT (3E »'BETAS» %)
ACCEFPT 10,bETA
RELANSEETA*RHUAXDL ¥ x2/yT
Lo TC 1012

{YFE 15

FORMAT (1IH ,'EPS='93)
ACCEPT 1n,EPS2

GO TO 102

NITZillT+70e

HPLCTSz g

DO 102 1= FLTA=NIT)NPLOTS=NIT=1
1kz0084 14y

ir=1k2¢(1)

CALL MOVETU(IX,IY)
CALL VECTO(IX»Ou4h)
Ly=I-MI)

CALL MOVE 1 O(LX»IY)
CaLl VECT@(IXeOH)

Ccu TC )

CALL CLEAR

CALL LuXhs

¢aLL MOVETU(1800256)
CALL WRITL('STUPL>Y)
CALL MOVETO( 130, 152)
CALL wKITE (*CYCILESHY)
CALL MOVETO(186,248)
CALL WRITE('PRINTS>Y)
CALL MOVETO (180, 304)
CALL WRITL (*DUMPOY)
CALLL MOVLTO(180/,449)
CAL.LL WRIT, ('EXITC>?Y)
CALL SENU

[P R . R




d from o
feiruatable coon

CALL wiiQ e,
A= CINY FQU) 790
B TO (17,18,19,20021), TNY

17 ”.";T",-:o I'R\Jl_.
caLbk EXI
14 NP IME L TR,
L0 Tu 10}
19 NEDT=, IRV,
VO TV L0
en MO, TRY;:,
Gl TV 1Ny
23 FORMAT (1)
21 T YRPL 26
20 FORMAT(LH , *"NOMP=Y, 4)

ACCERT 2%, NDMPYL

P LD L e g o D) NOMP=NDMP L

CAal.L ExIN

END

SUSROUTINE 30XES

JUO 1 1zl

JPLT=([=1)%06+432

CALL AOVETU (D0, JPLT)
1 CAI.L WOX

R TURN

Lo

SUURVUTINE JOA

CALLL VZC(2204+2)

CALL VEC(0r64)

CALL VEC(=224,0)

CALL VEC(no=hu)

RETURN

(VTP




HITLE SiabL

FILE:

FMAP:

JVUNE <

FOrK

FMaRL:

I VOt LS

FHAMES

ENTRY FILE
ENTRY FORK

n

HRROL
MOVSL
OTJFi
HALTH
HRKZS
MOVE1
MOVE
OPLNF
HALTF
Seld
MOVS1
MOVS .
Hpil
KWPACS
THHN
JIST
MOV5
HRRI
*aap
AQUA
MOVS S
IR
CLUSF
JIUA

f
HRIO L
MOVSI
LTUFI
HALTE
HIRRZS
LHOVEM
MOVE
VPEHEF
HALTI
SETL
MOVSI
MOVS
R[4 |
PRPALS
TLHN
JIRST
MOVYS1
HRRI
PanP
LOJA
MOVS.
HI2R L
CLUSF

wilh

2, FNAME
1, (WBLA8I7T)

1
1, FTLUFNG
2,0 BUBHIARLONAB20! A2 11325110326 )

b,

3, (13211831184)
1,400000

1,0(5)

2, (18YH)
UONE
2,FILJFN

2,7(5)

5, FMAP
1,(1b0)
Lok TLJFN

1“'“(16)

2o FNAML
1,(08211817)

1-
1,FILJFI _ '
2,0 44851 51011,20! 1B211 10251 1326! )

O,

B, (1621115731 1BY)
1,k 1LJFM

1,n0(5)

2, (0Bh)
UCOhES

2, 4000Q0
2,N(5)
5,FMAPL
¥, (\80)
1, FILJUFN

1l 0(1lou)

ASCTZ/EXAM+F ILE s SHAREY/
ki)
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Routine Name

MAIN

CONTRL
VPLOT
VVECT
CNTRL1
CNTRL2
CONTOR

APPENDIX V

OUTPUT PROGRAM

Function

Read in data, compute A, BNDRY,
and SI matrices. Controls other
output functions.

Displays output functions

Draws velocity profiles

Draws velocity vectors

Displays «xes for velocity profile
Displays choices for contour plots

Contour plotting program




104
1nny

1ry
in2

1n3
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INTEGER LLN(2)oBNDRY

DIMENSION
DIMENSION
VIMENS]ON
VDIMENSION
DIMENSION
DIMENSION
ODIMENSION
DIMENSION
UIMENSION
OIMENSION
DIMEHSION
DIMENISION
UIMENSION

UU(lUv92)rVV(18'92)OPp(lb092)oSI(18092)
SNURY (18,92)
A(18092)1U(2500)oV(ZSZO)OP(ZbOC)
MESS(7)

LPX11GC) »8PY (100)

X5(100) »YR(100) »NSFQ(100)
XBP(5002),YBP(50,2)

M(2500)

K(150)0Z(150) »RBE(150) »ZB(150)
ABB(5J12)1YB(50,2)

ME (18,92)

uws{309)
PTX(JOO)aPT¥(300)OZNP(300)OZMP(300)oRMP(300)oRNP(30ﬂ

EQUIVALENCE (ME,M)
EQULIVALENCE (XBi s XBP) » L YR, YBP)
LUUIVALENCh(UoUU)o(VoVV)o(PrPP)
COMMON/ZCLP/ZINs IXPo1YP 9 MN
COMMON/MUUSEZTNX s INY o INSWe SWSTAT
COMMDN/STuFF/URoDZoKMAXoLMAXoKDMNoLDMNoKDMXoLOMXpEPSIoDT
COMMON/WINDOW/WS o WCX o WCYy XL
COMMUIN/CONLVL/NCLSNCL
COMMON/3CUN/BLN XBP» YBP

INTEGER EMP»BNU2FULL»Op

DATA EMP,gNDeFULLIUB/16032/,8923118/

ws=8.C
WCX=H. N
NYS:'[\'
wCyY=b.0
TYPE 1001
FORMAT (1H

p *DISPLAY= ¢ 3)

ACCEPT 101,1D1

FORMAT (Al)

TYPE 1n2
FORMAT (1H

p *INPUT FILE="»%)

ACCEPT 103sNAME

FORMAT (AD)
IF(ICL.EQ,
IF(IDILEG,

*ARDS*)1DI=1
*1559*)1DI=2

NAME=NAME +32

CALL IFILE (22oNAME)

READ (2297 ) (MESS(I)» 121, 7)
FORMAT (7A5)

READ (229 2)hMAX o LMAK

FORMAT(21)

READ (229 3)SMINSEPSL

FORMAT (2F)

KEAD(22v4)UoDrMUIRHOA

FORMAT (4F)

READ (22, 5)uR

FORMAT(F)

KEAD(223) 07
READ(Z22.6)U

FOKMAT (1)

KEAD (229 3)uPX(1)BPY (1)

MMz 2

READ (229 3)BPX(MM) o BPY (MM)
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IF (BPA(1) ,£Q.8PX(MM) sAND ,BP'f(1) ¢EQ,BPY(MM))GO TO 8

MM=MM+]
60 10 7
& MM=MM=1
DO 9 I=z1¢
9 REAL(P2,6)V
(-5 |
10 READ (22911 ) X0 (N) 2 YB (M) ¢y NSEQ(N)
11 FORMAT (2F,1)
IF(NSEQ(N)FU,1)GO TO 32
Nzii+
60 TO 10
12 KMAXZZ=KMp A=

LMAXZZ=LMAA=?
KMAXZ=KMAY =1
LMAXZ=LMAX=1?
XBMAXSOR®KMAXZZ
TEMAX=DZ*x MAXZZ . |
Nzn
MM=0
13 N=N+1
MNMSMM 4+ 1
XBP (MMy1)=YR(N)
YEP (MMy 1) =XE(N)
IF(NSEG(N)+EQ.0)G0 TO 13
X8F (MM, 1) =YB(N)
Y3P (MM, 1)=XB(N)
MM=MM4- ]
XBP(Mve 1) =YBMAX
YisP (MMy 1) —ABMAX
bLMN(1)=MM
MM=U
14 MM=MM 1
Nzl
XegP (MM, 2)=Yb (N)
YBP (MM, 2) = XB(N)
IF(NSEQ(N) sFuesl)60 TO 45
GO TO 14
15 AHP (MM, 2)=YB(N)
YBP (MM 2) =nB (N)
BLN(2)=MM
NAME=MAME 4+ €
CALL IFILE (23/NAME)
READ(23)M |
READ(23)U, V,P
1 KEAD(23)UToRHOA ) TIME ,NCYCLE s MU FPS1
READ(23) KDMMo KUMX o LDMN, LOMX 9 DIy DZ 9y KMAX » LMAX
KMAXZSKIMAY,=1
LMAXZ=LMAA=1 ’
KMAXZZZKMAX =2 !
LMAXZZ=LMAK=2
WO L14 §=1.KMAX
LO uiy U=g1.LMAX
41y BNORY(I,J)=2
LO 411 L=2,LMAXZ
Ngibz=1
IFCME(200) o ANULEMP) JEWEMP) GO TO 44}




195
TR OOME (29L) ANDFULL) «NEFULL) GO TO 399
NghD=2
39y ONUDRY(1,L)=)
GO 10 402
an), BNDRY(1,L)=2
4n2 00 411 Kz=2,KMAX
GO TU (473,405,507, 409,411) ¢ NEBND
4ny IFC(ME (KoL) JAND,UB) ,EQ,0B)GO TO 404
BNURY (KeL)=2
w0 TO 411
Loy BNURY (KeL )z
NEND=2
0 T0 111
4ry IF C(ME. (KoL) JAND.OB) ,NE,0B)GO TO 406
BNDRY (K,L)=2
HEND=3
0O TO 411
hre UNODRY (K,L)=0
NYND=3
GO 10 431
ury IF((ML(K.L).ANu.UB).Eu.oa.OR.(ME(KoL).ANU.uND).EG.DND)
* 60 TO 408
BNORY (Ryly=n
VO T0 #3411
uny cNLDRY (KoL )=1
NuND=Y4
00 TOU 411
4n9 IF((ML(KoL).ANu.OB).Eu.Oa.oR.(ML(KoL).AND.&ND:.E@.UHD)
x L0 TO 410
BNORY (Kel.)=P
NBND=Y
G0 TO 413
41n BNORY (KoL )=1
NBND=S
411 CONTINUE
VO 412 K=1,KMAX
IFC(ME (K1) ANDJBND) NEJBNU)GO TO 412
BNDRY (Ko 1)y =2,
IFCIME (K2 LMAX) s AND ¢BND) o NE ,BND ) O TO 412
BNDRY (Ko LMAX) =1
412 CONTINUE
D0 413 K=1,KMAX
Bi3s TF (BHDRY (R02) sEWe2)BHURY (Ky 1) =2
IFINYS,EU,"N*)GO TO 303
1YPE 299
299 FORMAT (1H » *ALMAC CALCULATION FOR PLOT ROUTINES?)
DO 301 L=1/LMAX ‘
303 KB(1)=1,/10,%%1)
aB(l)=n,
KMAXZ=KMA K=
LMAXZZLMA =2
DO 415 [=1)KMAKLZ

415 RBOI+1)=RB(T)vuR
LO 4l Is1el.MAXZ
416 CcBOIT1)=2(1)+4DR

DO 417 I=)sKMAX
DO 417 U=1sLMAX




Reproduced from
best available copy.

417 ALY J)=DR
DO 100 Y=y, 2
NBMAREBLIN(U) =1
ISeEC=0
Vo 32 I=1,MnBMAA
IF(YRB(I+Led)=Tul(10J))20024015
LI=S(YBL(1,J)+.,000001)702+2
AA=(XUU(I+1od)-XBB(IoJ))/(YBB(I*loJ)-YUB(IoJ))
L2=LMAX
B=XBB(IyJ)=AAXYBB(L,J)
LoL=1
N=n
CO 18 L=LssL2sLLL
IF(ZB(L)=YBB(I+19u)=,000001)17,17¢19
Nzh+1
EMP (N) =26 (L)
RMP (N) =AAxZMP (14) 4+
LLINE=N
60 TC 24
Li=(YoB(1,J)=.000001)/02+1
AAS(XoB (I419J)=XBB(IoJ))/Z{YBB(I+10J)=YDB(1vJ))
Le=1
B=ABB(IsJ)=AAXYEB(I/,J)
Lpl==2
N=(
D0 22 L=l.1/L2¢LLL
IF(ZB(L)-YBB(I+Jod)+.000Q01)23.21021
N=N+1 '
EMPIN)=2Zb (L)
RMP (N) =2Mp (N) %AA+E
LLINE=?
GO TO 2%
LLINE=D
CONTIMUE
JMAXZLL INE
DO 27 KJ=31»JMAX
DS{KJ)Z(RMP(KJ)=XBB(IrJ) ) %24+ (ZMP(KJ) =YBKB(1rJ) ) %*2
DO 30 MN=1,UMAX
TEST=1n,Cx%x5
MTRANS=0
DO 29 MM=3/»JUMAK
- IF(DS(MM)=TEST) 28,28,29
TEST=DS (MM)
MT1KANS=ZMM
CONTINUL
RNP (M) =RMF (MTRANS)
ZNP(N) ZZMpP (MTRANS)
USIMTRANS)=AN, 0%%7
CONTINUE
JIZISECH+!?
J2=ISEC+UMAX
N=n
Vo 31 RKJ=uleJd2
N=N+1
PTX(KJ) =K P (N)
PTY(KJ)=ZNP (N)
CONTINUE
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32
33
34
35
36

37

38
39

41
42

53

51
52
54

be
47

1721
49
5n
100

31n

1SEC=ISEC+UMAX i
CONTINYJE

1=1

Iz1+1
IF(ABS(PTX(I)=P1X(1=1))=DEPSX) 35:35,38
IF(ABS(PTY(I)=PTY(I=1))=DEPSY) 36,36/, 38
ISEC=ISEC-1

DO 37 kKJ=I,ISEC

PTA(KJ)=PTX(J+1)

PIY(KJ)=FTY(J+1)

CONTINUE

IF(I=ISEC)3Ur34,30Q

IF(I=1SEC) 33,3930

CONTINUE

ISECZ=ISEC-1
DEPS(FTIX(ISEC)=PTX(ISEC2) ) %2+ (PTY(ISEC)=PTY(ISECZ) )%x%x2
DEP=SGRT(EP)

IF(DER=,2xUR)41,42,42

ISEC=ISECZ

CONTINUE
DEP=(PTX(2)=PTX(1))*x2+(PTY(2)=PTY(1))*%2
DEP=SURT(DEP)

L=ISEC

IF(NYS,EC,"'N')G0U To 54

TYPE 53

FORMAT(1H »/779" BOUNDARY=MESH INTERSECTIONS')
b0 51 K=1,L

TYPE 520K, PTX(K) 1 KePTY (K)

FORMAT(1h o 'PTX("0I20")=%Fs? PTY(' 9120 )= ,F)
L0 50 K=31,L

[1=(PTX(K)+,001)/DR+2
JUS(PTY(K)+,001)/DZ2+2
X1ZPTX(K)=FLOAT(II=2)%pR

YISPTY(K)=FLOAT (JJ=2)xp2Z
IF(X1,6T,,N00001)G0 TO 47
IF(Y1leLT.00005,0ReY1,GT404199997)G0 TO 49
IF(BNDRY(II1,JJ),EQ,1)G0 TO 46
Alllouu+l)=Yl

AtIIedd)zpRrR=Y1

60 TO 49

IF(X1.6E.,199948)G0 TO 1§49

IF(BNDRY(I10JJ) JEQ.1)A(TIvJJ)=UR=X]
IF(BNURY(JI+10JJ) CQJL)A(ITI+LrUJ) =X
IF(BNDRY(II=10JJ)+EQ1)A(II=1»JJ)=DR+X1
FORMAT(1H »21sFs 1)

CONTY LiUE

CONTINUE

CONTINUE

IF(NYS,EQ,*N*)GO TO 312

DO 310 K=j1eKMAX

DO 310 L=1,LMAX

IFSABS(A(KIL)=0.2) LE«0+0001)G0 TO 3130
CONY IMUE

CONTINUE

LO 915 L=1,LMAX

Sit1.,L)=0,5

Nghu=0



911
912

914
915
900

106
107
108
201

20n

109

3n9

30n6

307
308

30n

303

198
IF(BNURY(I-L).E@.l)NBND=1
00 914 K=2,KMAX
IF(NBND.GT.P)GO TO 012
IF(BNDRY(K.L).EQ.I)NBND=1
SI(KeL)=n,5
GO0 TO 914
IF(BNDRY(K.L).EG.O)NBND=2
IF(NBND.EQ.Z.AND.BNDRY(K.L).EQ.Z)GO TOo 915
SI(KoL):SI(K-loL)-O.S*A(K-loL)*
(VV(K.L)*RB(K)0VV(K-10L)tRB(K-1))
CONTINUE
CONTINUE
CALL SETD]S
CALL RECTj(6)
CALL CONTRL
CALL SEND
IF(IDILEQ,1)CALL AMOUSE
IF(ID1.EQ,2)CALL WMOUSE
INY=(INY+128) 7128
60 TO (1060107+109,221,108,111) » INY
CALL EXIT
G0 TO 105
CONTINUE
CALL CHGBJIN
CALL CLEAR
CALL CNTRL1
CALL VPLOT(V)
IF(IDI,EQ,1)CALL AMOUSE
IF(IDI,.EQ,2)CALL WMOUSE
INY=(INY+128) /128
GO TO (900+260,201), INY
CALL CHGBIN
CALL CLEAR
RB(1)=1,/710,%%10
D0 309 K=1,KMAXZ
RB(K+1)=Rpg (K)+DR
ZB(1)=0,
DO 306 L=3,LMAXZ
2B(L+1)=25(L)+D2
R(1)==0,5%RB(2)
2(1)==,05x2B8(2)
DO 307 Kz=2,KMAX
R(K)=(RB(K)+RB(K-1))*.5
00 308 L=2,LMAX
SIL)S(ZB(L)+2B(L=1))%,5
CALL VVECT(UeVeRIZM)
CALL SEND
IF(IDI,EG,1)CALL AMOUSE
IF(IDI EQ,2)CALL WMOUSE
INY=(INY+128) 7128
GO TO (90C+300),INY
CALL CHGBIN
CALL MOVETO(0,1000) '
CiLl SEND
CALL CHGASC
TYPE 30}
FORMAT(lH P'WSS,8)




Jn2
357
3Ny

aes

110

111

113

114
115

116

117

118

119

12n
121

122

ACCEPT 302/WS

FORMAT (F)

TYPE 357

FORMAT (1H »*WCX=')»3)

ACCEPT 304,WCX

FORMAT(F)

TYPE 305

FORMAT(LH »*WCY=')3$)

ACCEPT 304.WCY

CALL CHGYIN

60 TO 109

CONTIMNUE

CaLL CLEAR

SC=700/( (LMAXZ=2)%D2)

CALL CNTRL?2

CALL WMOUSE

INYGT=(INY+128) /128
IFCINYOUTLEQ.,5)GU TO 990

TYPE 113

FORMAT (1t » *DEFINE REGION OF INTEREST')
CALL #MOUSE

WCX=(INX=~128)/SC
WCY=(INY=380)/SC+XL

CALL WMOUgE

WS=WCX=(INA=128)/5C

TYPE 114

FORMAT(1H »*POSITIVE CONTOUR LEVELS=',3)
ACCEPT 115/NCLS

FORMAT(I)

TYPE 116

FORMAT(1H ,*NEGATIVE CONTOUR LEVELS='»$)
ACCEPT 115,NCL

XL=0

Xn=0

VO 117 I=1/,BLN(1)
1IF(YBP(I01)oGT.XL)XL=YBP(I,1)

DO 121 J=1.2

DO 119 1=1,3LN(J)
IX=1023/2% 1+ (XUP(1+1J)=WCX)/WS)
Iv=1023/2x (1 +(YEP(1oJ)=WCY+XL)/WS)
IF(I.EQ,1)uv0 TO 118

CALL VECLP(IX»1Y)

GO TO 119

CALL MOVCLP(IXoIY)

IONE=1

CONTINUE

DO 121 I=1,BLN(J)
IX=1023/22 (14 (XBP(IyJ)=WCX)/NWS)
IY=1023/2%(1+(XL=YBP(1,J)=WCY)/'S)
IF(I1.£6,1)60 TO 129

CALL VECLP(IX»IY)

GO T0 12?

CALL MOVCLP(IXyIY)

CONT INUE

CALL SEND

GO0.TO (122,1239124+125,900) 9 INY.-T
CALL COUNTQOR(18+192+15,9VVIBNDRY»A?18982)

199
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123
124
125

126

1in

i
11

200
G0 TO 126

CALL CUNTQR (1819295, +UUrBNDRY»Ar18/92)
60 TO 126

CALL CONTOR(18+92+5,+PP+BNDRY»A?18/,92)
GO TO 126

CONTINUE

XXSLMAXsL2=-D2Z

IMX=BLN(2)
IXS1023/2x (14 (=WCX) ZWS)
Iv=21023/24 (14 (AL=WCY)/WS)

CALL MOVCLP(IXy1Y)
1X21023/22 (24 (XBP(IMX»2)=WCX)/W3)
CALL VECLP(IX»lY)
IX=1023/2a(1+(X8P(1v2)-WCX)/wS)
CALL MOVCLP(IX»1Y)
IXS1023/72x (14 (XX=WCX) /WS)

CALL VECLP(IXpIY)

CALL APND

"CALL CONTQOR(18+92+5,951+BNURY»A»18/,92)
CALL APND

CALL wMOUSE

60 TO 111

G0 TO opn

END

SUJROUTINE RFECT1(N)

DO 10 1=3,iv

JPOS=(Ix1l28)=-128

CALL MOVETO(704,JP0US)

CALL RECT

RETURN

END

SUBROUTINE RECT

CALL VEC(pr64)

CALL VEC(192,0)

CALL VEC(pr=64)

CALL VEC(-192,0)

RETURN

END

SUBRUUTINE AMOUSFE
COMMON/MOUSE ZINX» INY ) INSWo SWSTAT
CALL CHGASC

TYPE 10

FORMAT (1H %)

ACCEPT 11, INY

FORMAT (I)

INSW=INY

INYZINY%x10p8=128

RETURN

ENU

SUBROUTINE CONTRL

CALL MOVETO(770,24)

CALL WRITE('STORPC) ')

CALL MOVETO(746,152)

CALL WRITE('NEW DATAC>')

CALL MUOVETO(752,264)

CALL WRITE(*VECTORSS>')

CALL MOVETU(7469296)

o B




CALL WRITE('VELOCITYC>?)
CALL MOVETO(722,4908)

CALL WRITE('CONTOUR PLOTS>Y)
CALL MOVETO(746+520)

CALL WRITE(*PROFILESC>")
CALL MOVETO(T46,552)

CALL NRITE('VELOC17§<>')
CALL MOVETO(710,664)

CALL WRITE('ISOMETRIC PLOT')
CALL MOVETO(900,24)

CALL WRITE('1<O>")

CALL MOVETO(900,152)

CALL WRITE(*2<)>"')

CAL. MOVETO(900,280)

CALL WRITE('3<>')

CALL MOVETO(900,4u8)

CALL WRITE('4<>?)

CALL MOVETO(900,536)

CALL WRITE(*S5<>)

CALL MOVETO(900,664)

CALL WRITE('6<>')

RETURN

END

SUBROUTIHME VPLOT(V)
COMMON/WINDOW/WS» WCX, WCY o XL
COMMON/STUFF/ZDRyDZyKMAX? SZF
COMMUN/MOUSEZINX» INY» INSWo SWTAT
DIMENSIOH V(2500)

DIMENSION PV(50)
KMAXZ=KMAX=1

CALL CHGOIN

CALL MOVETO(0,1000)

CALL CHGASC

TYPE 3

FORMAT(1H »*PROFILE AT 2=',$)
ACCEPT 4.p&

LPOS=200+ (PZ%190) /7 ( (KMAX=2) %2%DR) =)
CALL MOVETO(LPOS:820)

CALL VEC(=10+0)

CALL VEC(5,15)

CALL VEC(S50=15)

FORMAT(F)

L=P2/D2+1

KTT=(L=1) xKMAX

DO 6 K=i,KMAX

KM=KTT+K

FV(K+KMAX)=V(KM)
PV{(KMAX=K4+1)=V(KM)

$C=350/ (KMAX=2)

MOVE=0

DO 7 K=2,pMAX
IF(PV(K)+10,00000.LT,.0001)GC TO 7
6O TO b

CONTIMUE

KST=K=1

PV(KST)=0,

AND=KMAX%2=KST+1

201
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12

13

345
312

355
313
311

26

203

b1
40

TR b W ——

202
PV(NNU) =N,

DO 13 K=KST,KND

IXZK*SC+1n0

1y==10,%PV(K)+128

1F (MOVF. ,Ew, 0)CALL MOVETO(IX,1Y)
CALL ZIPTO(IXs1Y)

MOVE=1

CALL APND

RE TURN

END

SUBROUTINE VVECT(UsV,K, ZsM)
DIMENSION U(ESOO)oV(ZSOn)oM(ZSOO)oN(ISO)oZ(lSO)
COMMON/MOuSE/INXoINYoINSWoSWSTAT
COMMON/NINUOW/WS'WCX!WCY'XL _
COMMON/STUFF/DRoDZoKMAXoSZFoKDMNoLDMN.KDMX:LDMX.EP51.DT
COMMON/BOUN/BLN(2) » YBP (5002) 9 YB (50, 2)
INTEGER WiLN

INTEGER FuLL»SUR

LATA FULL,SUR/8,4/

DO 311 u=1.2

00 312 I=1,8LN(JV)
Ix=1023/2*(1+(XBP(Iod)-WCX)/WS)
1Y=1023/2*(1+(YBP(Iod)-WCY+XL}/WS)
IF(I.EQ.,1)L0 TO 34%

CALL VECLP(IX»I1Y+512)

60 TO 312

CALL MOVCLP(IX»1Y+512)

CONT INUE

DO 313 I=1sBLN(J)
IA=1023/72% ( 1+ (XBP(I,J)=WCX)/WS)
IY=1"23/2:(1+(KL-YBP(Ipd)PWCY)/WS)
IF(1.EQ.1)60 TO 35%

CALL VECLP(IX»IY+512)

G0 TO 313

CALL MOVCLP(IXsIY+512)

CONTIWUE

CONTINUE

KKKS o 5% (2, +KDMN) + . 5%ABS (2 o =KDMN)
LLLS 5% (2, +LDMN) + . 5%ABS ( 2 =LDMN)
IONE={

DO 375 K=khKeKDMX

U0 375 L=pLLoLDMX

KM=K+ (L=1) *KMA X

KB=KM=KMA K
IF(((M(KM).AND.SUR).EQ,SUR).OR.((M(KM).AND.FULL).EQ.FULL)
G0 Tu 203

GO TO 375

VIZ.54(V(KM)+V(KB))

UL1Z. 5% (U(KM) +U(KN=1))
IF(AdS(Ul)‘.OOI)“IoQI!“O
lF(AUS(Vl)‘.OOI)375'375040

R1=R(K)

23=2(L)

R2ZR1+2, %0 T+xU1xDR/EPS1
£22Z1+2,%Di«V1%xD2/EPSL

R1I=IONE*R]

R2=IONE*R2

T T N T T mm—
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375

R1=R1+XL

R2=R2+ XL
IX1=1023/72% (14 (Z1=WCX) /WS)
IX2=1023/2% (1+(Z2=WCX) /WS)
1¥12512+102372%( 1+ (R1=WCY) /WS)
1Y2=%12+102372%(1+(R2=4CY)/WS)
IF((IXL=IX2,LEs1) ¢AND« (1VY1=-1Y2,LE.1))GL TO 375
CALL MOVCLP(IX1,1Y1)

CALL VECLP(IX2,1Y2)

6o TO 375

CONTINUE

IF(IONE,NE.1)GO TO #52

10NE=-1

G0 TO 26

RETURN

END

SUBROUTINE CNTRLL
COMMON/MOUSEZINXe TINY o INSWo SWSTA !
COMMON/STUFF/DRsDZ s KMAX
COMMON/BOUN/ZBLN(2) ¢+ XBP (50¢2) ¢ YBP (500 2)

INTEGER BLN

CALL MOVETO(120,512)

CALL VECTO(120,116)

CALL MOVETO0(108,128)

CALL VECTQ(820,128)

V0 1 J=iey

JP0S=128+ %100

JN=J*10

CaLL MOVETO(120,JP0S)

CALL VEC(=12/0)

CALL MOVE (=30,=3)

cALL WRITE('aa.<>'+JN)

CONTINUE

DO 2 i=1ry

IPVS=120+I%175

INS=32+1%16

CALL MOVETO(IPOS,128)

CALL VEC(Qo,=12)

CALL MOVE (=12¢=10)

CALL WRITE('ad8A.<>'¢IN)

CALL MOVETO(340,48)

CALL WRITE('RADIAL POSITION (MMIL>')

CALL MOVETO(32:512)
CALL WRITE('AL>Y)
CALL MOVETL(32,492)
CALL WRITE('XHOY)
CALL MOVETO(32:472)
CAl.l. WRITE('ILK>?)
Ca.L MOVETO(32,452)
ALl WRITE('ALY)
CALL MOVETO(32,432)
CALL WRITE('LOY)
CALL MOVETO(32¢592)
CALL WRITE('VSH?Y)
CALL MOVETO(32,372)
CALL WRITE('ES>')
CALL MOVETO(32¢352)




CALL WRITEL('LS>?)

CALL MOVETU(32¢332)

CALL WRITE('0Co?)

CALL MOVETL(32¢312)

CALL WRITE('CC>Y)

CALL MOVETU(329292)

CALL WRITE('IC>")

CALL MOVETO(32,272)

CALL WRITL('TC>)

CALL MOVETO(32,252)

CALL WRITE('Y<O>?)

CALL MOVETU(32,212)

CALL WRITE('C<>)

CALL MOVETO(32,192)

CALL WRITE('M<>?)

CALL MOVETUL(32,172)

CALL WRITE('/<>')

CALL MOVETU(32,152)

CALL WRITE('S<,')

CALL MOVETO(32,132)

CALL WRITE('ESO )

CALL. MOVETO(32,112)

CALL WRITE('CL>)

SC=19C/ ( (KMAX=2) *DR*»2)

DO 7 Jd=1+2

DO 4 I=t,ipLN(V)
IXSXBP(Ivy)xSC
Iv=YBP(Iry)%SC
IF(I.Cu,1)00 TO 3

CALL VECTQ(IX+200,927+1Y)
GO TO 4

CALL MOVETO(IX+#200,027+1Y)
CONTINUE

DO 6 1I=1/,3LN(J)
IX=XBP(Iry)*SC
1Y=YBP(1syg)%SC
IF(I.EQ.1)60 TO 5

CALL VECTO(IX+200,927=1Y)
60 TLU &

CALL MOVETO(IX+200,927~1Y)
CONTINUE

CONTINUE

CALL MOVETO(416,800)

CALL wWRITE(*AXIAL POSITIONG>?')
CALL MOVETO(BBo,24)

CALL WRITE(*RETURNKS> ')
CALL MOVETO(886,152)

CALL WRITE('OVERLAYO ')
CALL MOVETO(896,280)

CALL WRITE('CLEARS> )

CALL SCNU

RETURN

END

SUBROUTINE CNTRLL2
COMMON/MOUSE/ZINX» INY» INSWe SWSTAT
COMMON/STUFF/DRy»DZsKMAX ¢ LMAX
COMMON/BOUN/BLIN(R) ¢+ XBP (5002) ¢ YBP (500 2)
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INTEGER BLM

] CALL MOVE]((868.24)
CALL WRITE(*V=VELOCITY?)
CALL MOVETO0(868,152)
CALL WRITE('U=VELOCITYS>Y)
CALL MOVETO(868,280)
[ CALL WRITE(*PRESSURE<S>")
[ CALL MOVETO(874,396)
CALL WRITE(*FUNCTIONK>)
CALL MOVETO(886/,422)
CALL WRITE('STREAMS>?)
SC=700/ ((LMAX=2)%DZ)
D0 S5 J=1lv2
D0 2 I=1,BLN(V)
IX=XBP(I1,J)%SC+1268
IY=YDBP(1,9)%SC+380
IF(I.EQ.1)60 TO 1
CALL VECTO(IXelY)

G0 TO 2
1 CALL MOVETO(IX.1Y)
b 2 CONTINUE

| DO 4 1l=1sgLNI(V)

. 1X=XBP(Isg)%xSC+128
l ) Iv=380=YBpP(IeJ)%SC

IF(1.EQ.1)G0 TO 3

CALL VECTO(IXelY)
60 TO 4
CALL MOVETO(IX,1lY)
CONTINUE
CONTINUE
CALL SEND
RETURN
END

OE W
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67

oY
-1

70

N

SUBPIV TINg CONTOR(MoNoKDISonBNDrAvMDoND)
CaMENSEIN 0 (MD»IND)

VIMENSION XX(9) oYY (5)03(200)9X(200)
Y(EUP)pBNO(MDoNu)rA(MDpND)oF(S)vS(S)vT(S)
UIMENSTON XS(8000),»YS(8000) +XP(309)»YP(300)
Cbh”ON/WINUOWluSoWCX'NCYOXL
COMMOM/CUNLVL/NCLS » NCL
INTEGER Ba
SLALEZXDIS/FLOAT (M=)
C1=G(1,1)

PR

L0 fo [=1,N

00 66 u=),N

1F (BNU(Iry) o6To1)60 TO 66
GISAMINL(G1,G(Ivd))
VEeRAMAXL(G2,0(10d))

Cerii INUE

NCL1I=NCLS

1.iP=uy

Gi=0,0
OS:(&2-GI)/FLOAT(NCL1+1)
ell)=Cl+oy

DO 67 w=2,iCL}
BIR)ZU({K=1)+0S

GI=TEMP

IF(GIObEOOOC)GO Tu 68
15V==61/(1iCL+1)
NECLASHCL4CLS

NCLNENCLS+2
BINCLO#) ) =GV +TST

VO A9 K=hNCLNeNCL1

L(R)ZB (R=1)+TST

Cill CHGUIN

Caikl. MOVE jL(091009)

Crul AP

VYPL TOrL10G20 (1K) P K= P iNCLY)
FORAAT (Lr 920Xy *MIN GRID VALUEZ='" ,F,3x»

Y

'mAX BRI VALUE= *»Fy/1H »10X, 'CONTOUR LEVELS'/

(10R14F))
Cacl CHOG LN
Lo 1 I=1s,1nn
A(l)=(i=1)%,2
Yil)=([=))y%,2
Ml=M=1

113 ==}

LoH=

LY A4 1z ,m1
P‘S:l

wlkvPz)

LO 5 uzhs, Nt
GO TO (Sey) pJdiEiP

I?(UNU(I.J+1).Gh.l.ANU.HND(I+1.J+1).Gt.i)uo TO S

fasJd
JTEMPZD
¢o TO0 5

IF(BND(Ivu+1).Eu.u.OR.HNU(I+10J+1)oEG.O)GO T0 5

NF2y

206




_ o~

11

1

15

hNS=J+l

1F (NSGT eiN)NSEN

¢0 70 o

CONTINUE

GO TO 44

Lo 43 JsilseNF

ice=}

1820
IF(BND(TrJ) oGEL 1) 1521546
IF(BNC (T rutl) eGEL)ISZISH2
LF(BND(1+2oJ+1) «OE 1) ISISH)
LFIBRL(I+1,J) et L) ISSISHY
IF(AGI+LeU)=14)22070 11
1IF(ALL»JU)=1,)011,8,18
IF(ACT+ e u+1) =140 2109012
1IF(ACI+Lru)=1.0120100118
IFIBND(Lva) .EUQEQON.BNU(IOJ"‘A).Ei).a.ORon:'lJ(If’ltJ'fl) .
Lu.?ooi‘:oUNU(I"’l'J) .EQ.2)60 TO 11

16=1

o TV 13

JF(IS.0E o1 AND,IS.LE,15)0L0 TO 13

15=1

RRRKRZKKhKkinn+ 1

1F (KRKKK.GT40)G60 TO 13

IF(ISEE.Ew,1) TYPE 12,1,J

FORMAT (1H 020X, 3LHWARNING. .o 'IS?' IS OUT OF RANGE,
SAe2i10z13,3Xr2HU=T13)

Fel=otlrd)

Fe2)=6(Ied+d)

Fyd)mo(I+led+l)

Fea)=6(Ir1ed)

S(1)=4A(1)

S(2)=x(1I)

SLO)<A(I+1)

S()sX(I+1)

Tylr=vd)

[(2)2Y(J+1)

TI3)=Y (J+1)

F(&4)=Y(J)

1=y

VO TO (28,14005,10007018019020+26020027024+23043043),15
Fi2)zo(legtrl)
Fi3=6(leg+1)
Fidy=o(i+1.J41)
Fab)su(i+10d)
S(I)1=X(L+1)=Al(l,JtH])
HIHIZA(I+1)
T2)2Y(J) AT d+ L)
T(H)zY (J+1)

T(5)=Y(J)
InN=5
00 TV 28

FII)36(I+10J+d)
F(8)So(Itirdtl)
Fi9)Ize(I+1sJ)
S(3)=X(I)sALLI41,JtL)
S(5)=A(I*1)




L)Y (U rA(L+10UtHD)
F(5)=7(v)

INzZH

wo TY 24
Fia)rzo(l+1ed)
FD)Zu(l+1ed)
SIZX (D) +aA(I+1,V)
T{8)Z7 (Ui V)=A(I+L,J)
T(H)=Y(u,

Inz=S

Gu T 23
Fe2)36(Iru+1)
Fi3)=5([+1,U+1)
TU2)3Y (D) ri(Louel)
1(3)=Y (W) +ALIv1,J+D)
=y

Ly Tu 28
IF(BNU(IoJ+l).6&.1.AND.8ND(I+1.J).GE.l)CO T0 25
FI)SG(Iey)
F(S5)=o(Iey)
S(3)=X([+1)=A(l,J)
LISV (VL) =A(T0J)
(3)=Y(J)

INz=5

Lo TO 28
F(3)zo(I+1,U+d)
FI4)3o(1+104)

U)X (I)+A(14L0J+D)
SIHX(D) rA(L+1, V)
Inay

wo Ty 28

FILz=o(ley)
Fi2)26(1ry+1)
S(L)sA(i+1)=A(IsV)
D(2)X(I+1)=A(1ede])
INzYy

U\) TO 28

FLUz=e(ley)
Fia)<u(I+tred)

LSy (JU+L1)=A(IJ)
LEM T (Je)=A(1+100)
finzy

w0 TO 24

| oY=

Fel)zo(ley)
F(J)JA(I+lvd+l)*(b(I+10J+l)'0(lvd+l))+G(Iod+l)
S(S)X(1)+A(L+10J+1)
FEO2((J41)=A(10J)
IN=3

00 TO 28
Fll)ze(leutt)
Fi2)zo(lt1ru+l)
F(3)35(1+104)
S(1IZA(I+1)=Aa(lrdr])
S(2)z=X(1+1)
T(l)sr(u+l)
T(I)13V(Jr1)=A(1+1,V)




-

209
In=3

. iCu=1

90 TJO 28
29 IcL=2

! - 26 IF (BND(1,J) OE.L L ANDSuUND(I+10J+1),GE,1) GUTU 22

| F(2)26(1ed+))
Fla)zo(I+1,J)

, - S(3)=X(1)+A(I+109)

1 T(2)2Y(J)+A(LrU+d)
T(3)=Y(J)

- Inz=3

1 wJ)fO 28

27 Felrse(ley)

- FL2)=G(1+1,0+1)
F(S)=G(I+1,J)
S(V=X(I+1)=-AtI,J)

L S(2)=X(I+1)
T(2)2Y(J)rA(Ll+Lout])
T(3)=7(J)

- In=3
Tesl

F) V0 42 L=1,NCL1
- L=
ISwz)
I1=1
o l{2=2
29 1=F(I1)
52=F (12)
- IF (3(L)=-51) 30,3731
31 IF (B(L)=G2) 34937932
31 IF (32=-B(.)) 34,37,32

Ak 32 Lol +}

IF (ABS(S(I2)=S(I1)) «LT. 0.0001) GOTO 33
SLOPIS(T(1I2)=T(I1))/7(S(12)=S(IV))

L [F (AUS(SLOPE) GT.1,0) GOTO 33
AX(LL)=(S(I2)=5(I1) ) *(a(L)=61)/(G2=G1)+5(11)
YY(LL)Z(XX(LL)=S(11))=s5LO0PE+T (1)

LWol0 34
33 SLOPLZZ(S(I2)=S(I1))/2(T(I2)=T(I1))
YY(LL)=(T(I2)=T(IL) )% (B(L)=63)/7(62=G1)+T(11)
<. AX(LL)=(YY(LL)=T(I1))»SLOPE+S(]11)
3y [1=I111
[2=12+}
) V0TV (39036) ¢ ISh
35 IF (12,LE,IN) GOTGY 29
11=1
. [2=1(+
[Sw=2
30T0 29
36 IF (lLL,EQ,0) GO0 42
IF (L,EG,2) GOTO 39
37 IF(ISEEEQ.L)TYPE 38oLLeBIL) v Ioun(F(ILl)e1llz=104)
3y FORMAT (' WARNING,4e'r[2/F10:45/2I204F1¢45)
w0TO 42
39 [F (XX(1) . LTeXA(2)) GOTO 40
TeM=XX(1)
XK(L)SXX(2)




un

41

45

4y

45

4o

47

b4y

49

50

o1

XK(2)=TEM
(EMzyYyY (1)
rY(1)3YY(2)
IY(2)=TER
LS=L5H]
A5(L3)zxx(1)
(Sika) =Yy ()
52051
AS(L3)=XX(2)
T3(L3)3YY(2)
IF (LoLT,
TYPL 4

FORMAT (' DIMENSION ON XS IS TO0 SMALL InN Sus

Cale EXIT
CONTINUE

|

L'::ofvmhbh copy: )

8000)

SO0TO 42

w10 (43024,43,27)1ICL

COonT INUE
oQfn 2

CONT INUE
LSSAVELS
iUNE =]l
Lhaz=1
oP5=,0n}

L=\

IPS=1

JJ20n

[onC=l
Ju=JJtr})
AP(JI)3XS(L)
(PJJ)IZYS (L)
JuzJdJrt

Ir (JU.LT,300) 4OTO 48

TYPE 47

210

CONTORY)

FOSMAT (' DIMENSION ON XPyyP HAS BELHM EXCEEDELY)

Cnlll ExIT

I\P(\J J)-XS(I—"‘I,
TP(JI)zIS(L+Y)

=N
Kan+l

IF (RoewoL+l) 6070 55

LF (AQS(AS(K)=XS(L+1)) «6T EPS,0R, Au:(YS(n)~Yb(L+1))

LTLEPS) GUTO 55

LSalYy=2

iF (L,LE.") GOTO Y6

Gl
lesK=}
.\1:";

iF ‘("1.’**"(0'—]'0000)

TLM=XS (K=})

AS(K=1) =X, (K)

AS(K)=TEM
LMZYS(K=1)

YS(h=1)3Y5(K)

155 (K)STEM
Lak=0
|’\ 1:'\"1

-lr “\o'gTol-l"‘l) bOfO 52

oUTO 51




LR )

54

So

ou
6l

[6/ 0o
G~

o2
63

59

o4

L=kt
IF (L.soT.0) GOTU 53
L=l

DO Sh LL=LLyLS
Ab{LL)=XS(LL+2)
YS(LL)ZYS(LL+2)

2010 (4Hr50) 2 IPS
*F (R oLTol.SeAND R (R) o LTJFLOAT(M)) GOTO 49

bz
LiEl
LSzl 5=2
LLIO 53
wiS(JU=1)x(1+15u) 72+
CALL LNPLT(XPyYPrUJ)
ITASIN23/2x (24 (YP(ULl)=WCX)/0S)
AFUIONE.LFL,1)60 Tu 6)
Py=1083/72% ( 1+ (XP(JL1)=WCY+XL)/NWS)
Lo TV 6l
Iv=1023/72% (A + (AL=AP(JL)=WCY)/WS)
Conl {nUE
CaLL MUVCLP(IX,1Y)
VO hY Jz=2,Jd
AF LIS L. woTo 57
Ji1sUdrl=u
GOTO By
JvizdJ
LXZ1023/72x (L4 (YP{JL)=WCX)/WS)
IF (IO .6TL )60 Tu 62
Ii=1083/70 L+ (XP(Ul) =NCY+AL) Z0S5)
Ve TO &3
Iv=1023/72% (1 +(XL=ARP(J1)=WCY) /W)
ConTinUE
CALL VECLP(IX/IY)
CONT LNUE
LF(LONE,GT 2060 Tu b
1UNE=iONE+ L
GO TU %6
CONT LINUE
IF (LS.LE . 0)RETURM
JOwW=~4SW
LOTO 45
Enb
SUBROUTINE PLOT (A, YeN)
COMMON/ZF I XT/DXpuY
IF(NLT. )60 10 L
AZ10P gk (A FUX)
BZLUN R (DY)
NASTFLA(A)
Mb=IFIx(8)
LF(L,EQ,3)CALL MUOVETO(NAWNB)
IF(NEW,2)CALL VECTO(NAINB)
e TURN
VASIAEX
VY=DT+Y
e, TURN
AT
SUBROUUTIMNE FINS




CALL APND

KE TULNY

EnND

SULROLTINE TOPLOT(XX2 YY)
COMMUN/ZF L XY /DX OY

La=2.0

Lyzu,2

CalkL SETLLSY

WS=8.0

kCXzo.N

WCY=ULeN

ke TURN

ENL

SUBROUTINE SYMBL4 (XX, YT rHT yNOO,NHNe 1)
REYURN

iy

SUBROUTINE, NUMBER (XXXe YYY o HHH» RRR¢ 222, 111K)
RETURI

Eib




i

OO0 0O

O OO OO0

OO0

55

THIS SET (¢F SUBROUTINES PERFORMS CLIPPING ON
OATA PASSED TO IT THROUGH VECLP AND MOVCLP
CALLS, (4=20=72)

SUBROUTINE VECLP(IX,IY)
COMMON/CLP/INy IXPy LYPsMN

LOGICAL IN

IF (JNOT.IN) GO TO 12

THE PREVIQUS POINT WAS INSIDE OF THE FIELD
OF VISION UEFINED BY THE SCOPE,

N=O

IFC(IXeGTo1023)N=N+1

IF(IXeLToOIN=N+2

1F(IYeGTo1023)N=N+3

IF(IYJLT.0)INSN+6

Nzinel

S=(IY=IYP)/(IX=IXP)

GU TO(193)5i492+4969816) 9N

ENTIRE LINE IS VISIBLE

CALL VECTO(IXeIY)
w0 TO 11

LINE GOES OUT TuP RIGHT HAND SIDE OF 5CREEN

1XS=(1023=1YP)/5+1XP
1F(IXS,67,1023) GU TO 3
CALL VECTO(1XS,»1023)

Lo TO 10
IF(IY.EQG.IYP)GO TO 35
IVS=(1023=-1XP)*5+1YP
CALL VECT0(1023/,1YS)

Go TO 10

CaLL VECTO(1023,1Y)

0o TO 10

LINE GOES OUT TOP OR TOP LEFT HAND SIDE
UF SCREEN,

IF(IX.EQsIXP)GU TO 45
1XS=(1023=1YP)/S+IXP
LF (IXS,LT,M)GO TO 5
CALL VECTO(IXS,1C23)
60 T0 10

CALL VECTO(IXr»1023)
Co TO 10

LINE 6OES OUT LEFT HAND SIDE OF SCREEN.

IF(IY.EQ,IYP)GO TO 55

LrS=1YP=SxIXP

CALL VECTOQ(D,IYS

GO 10 10 :

CALL VECTO(0,1Y) i
G0 TO 10

LINE GOES OUT OF BOTTOM OR BOTTOM LEFT CORNER,



(g

65

cOCO

in
11

OO0

13
14

=000

15%

OO0

IF(IXJEQ.IXP)GO TU 65
1xS=IXP-1YP/S
IFCIXS,LT,0)60 TO 7
CALL VECTU(IXS,0)

6o 70 10

CALL VECTO(IXs0)

60 TO 10
IYS=IVP=1IXPxS

CALL VECTO(0,1YS)

GO0 T¢ 10

LINE GOES OUT BOTTOM RIGHT HAND CORNER.

1YSZIYP+Sx(1023=IXP)
IFCIYS,LT,N)60 TO 9
CALL VECTOQ(1023,1YS)
G0 TO 10
IXNSZIXP=1YP/S

CALL VECTO(IXS,0)
IN=FALSE,

IXP=1X

l1yP=1Y

MN=N=1

RETURN

LINE 1S COMING INTO FIELD OF VISION,

N=0

SS(IY=IYP)/(IX=1XP)

IF(IX.GT. 1"23)N:N+1
IF(IXeLTo0)N=N#+2

IF(IV.LT.0IN=N+6

N=N+1

GO TO (13,23+123123+23¢123+23023,23) N
GO TO (15,17+16¢14+16+18+20+18) ¢ MN
IXS=(1023=1Y)/S+1IX
IF(IXS,G6T,1023)G60 TO 15

CALL MOVETO(IXS,»1023)

CALL VECTO(IXeIY)

GO TO 22

LINE 1S COMING FKOM RIGHT SIDE OF SCREEN,

IF(IY.EQ,IYP)GO TO 155
IYS=(1023=1X)*S+1Y
CALL MOVETO0(1023,1YS)
CALL VECTO(IXeIY)

Go TO 22

CALL MOVETO0(1023/1Y)
CALL VECTO(IXoIY)

6o Tu 22

LINE IS CUMING FROM TOP OR TOP LEFT,
IF(IX.EQ.IXP)GO TO 166




185

19

20

21

el
23

IAS=(1023=1Y)/S+1IX
1F (IXS,LT,0)G0 TO 17
CALL MOVETO(IXS,»1023)
CALL VECTO(IXo1IY)

6o TO 22

CALL MOVETU(1X,1023)
CALL VECTO(IXe1lY)

60 TO 22

LINE IS COMING FROM LEFT SIDE OF SCREEN,

IF(IYJ.EQ.LYP)GO TO 175
IVYS=IY=S%IX

CALL MOVETU(O0,1YS)
CALL VECTO(IXeI1Y)

v TO 22

CALL MOVETC(O0,1IY)
CALL VECTU(IXelY)

G0 TO 22
IF(IXEQ.IXP)GO TO 185
IXS=IX=1Y/S
IF(IXS,LT,M)GO TU 10
CALL MOVETO(IXS.0)
CALL VECTQ(IX,1Y)

60 Tu 22

CALL MOVETO(IX,0)
CalLL VECTO(IX,1Y)

GO TO 22

IYS=IY=1IX%S

cALL MOVETO(O,IYS)
CaLkL VECTO(IXelY)

60 TO 22
Sz(IY=1YP)/(IX=IXP)
LYSTiY4+5%(1023-1X)
IF(IYS,LT,0) 6O Tu 21
CALL MOVETO(1023,1YS)
CALL VECTO(IXe1lY)

60 TO 22

IAS=IX=1IY/S

CALL MOVETO(IXS:0)
CALL VECTO(IXs1Y)
1nN= o TRUE,

MN=N=1

1aP=IX

IvyPzlY

RETURN

END

SUBROUTINE MOVCLP(IX,yIY)
COMMON/CLP/ZINe IXPo IYP#MN
LOGICAL IN

IN=,TRUE.

N=O
IF(IXeGTo1023)NSN+L
IF(IXeLToQ)N=NE2
IF(IYeGTe1023)NSN+3
IFCIYJLTo0)INSN+6
Nzh+l

o T ——

e e e — S — o, — el

I ———————_ B e S e

e . A ey - B W
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N =

GO TO (1020201212021 %2+2+2) 9N
CALL MOVETO(IX,1Y)

VO TO 3

1nz=FALSE,

IXP=ixX

IyPzly

MN=N=1

RETURN

END

SUBLROUTINE DOTCLP(1Xs1Y)
COMMON/CLP/IN,IXPyiYP,MN
LOG1CAL IN

te= ]
IF(IXeGTo1023)N=N+1

1F (IXoLT40)IN=N42 . L
IF(IYeGTe1N23)N=N+D

IFCIYJLT0IN=N+6 L
M=nN+1 }
GO TU (1912020202+212,2+2) N '
Call ULOTAT(IXs1Y)

MN=HN=1 1
I1xP=1X {
IyP=1Y
RETURN

END




APPENDIX VI

MISCELLANEOUS PROGRAMS

Routine Name Function

SAVCOR Saves a core image of currently
executing program

PSEUD Sets up pseudo-interrupts

SLEEP Dismisses process for specified
number of ms.

GETIT Determines latest version of
saved core and gets it.

PRINT Reads in data file and formats
for line printer listing.

TYPE Reads in data file and formats

for teletype listing.

APFLE Appends error function to a {
display file.

Pr




TiTLL

SAVREG?
ABSAV?

RETRY:

RSTART

SAVCUR

LWTRY ABSaV

EATERNAL LAGH

bLUCK 20

n

MOVEN 17+ SAVREG+L?
MOVE] 17+SAVREG

oL T 17/,SAVREG+16
MOVEI 1,400000
OEVEC

MUVEM 2,5AVL.0CH
hRLZI 1,1818+183H
HMove 3,FLAGY
AOKRI 3,1

MOVE S,FLAGYL
HPRO 2,RSTARY(3)
OTJFiN

HALTH

HRRZM 1,UFMNSAVH
MOVE 1 1,400000

HRLI 2,1

ARKI 2,RENTRY
SEVEC

HRL I 1,401000
HRR 1, JENSAV

MOVE 2,L777760,4,29)
SAVE
MOVE 1,490000

HRL g 2:1

HRix 2,LAVLOC
SEVEC

HRLZI 17+,SAVREG
oLT 17,07

JRA 160 (16)
LASCLA/PMPi L/ )
LASCLIZ/P.pMP}2/])

ENU

218




THLS PROLEAM ENABLES PSEUDO=INTERRUPTS TO
UE GENERATED. WHEMN aVv 1S TYPE IN» THE
INTVTERRUPT CHANGES THE SENSE OF THE
TTY FLAG.
TITLL INIKPTY
ENTKY PSEU
EXTERNAL FL.GS
FTY=FLGS
SAVK BLOCK 20
CHiYnp: DBLOCK 44
LEVTAB: BLLOCK 3
PCSaV: bLOCK 3
PSEUD: 0
MOVEM 17+,SAVR+17
MOVEL  17+SAVR
bLY 17+SAVR+16
HRLI 1,1
MOVEM 1,CHNTAR
HRR1 1,PCSAY
MOVEM 1,LEVTAS
MOVE] 1,400000
HRLI 2,.EVTAD
HRRI 2,CHNTAB
SIR
MOVE 1 1,400000
EIK
MOVEI 1,400000
MOVE 2,L402090,0)
AIC
MOVE 2/L260001)
ATI
HRLZI 17,SAVR
oLl 1717
wiKA lor (16)
ASCIZNITY FLAG CHANGEY 040\
SETCMM  9,TTY
MOVEM  1,5AVR
HRROI  1,MES
PSOUT
MOVE 1,%AVR
DEBRK
END




TITLE SLEgP
UISMISOES THE PROCESS FOR SPECIFIELD MNUMBER OF MS.

ENTRY
0
MOVEM
MyVEl
LISMS
MOVE
JEA
tND

SLLEP

.1 'b,lg\“
l,10000

1,5A2
Toe (16)




221 '
SEARCH STENEX
A TITLE START RIGHT FIB JOb
LUC 2np0no
- }THIS PROGRAM DETEKMINES THE APPROPRIATE P.DMP FILE
3TO RUN FROM A FIg REQUESTevve,e
FNAM1: ASC1Z/REQULSTED=F=I=t34 INPUT/
} FNAM2: ASC1Z/P,DMP/
GET1T: MOVE 1,LXWD 100001,=2]
HRROI  2,FNAML
“ OTUFN
HALTF
MOVE 2,LXWD 171
MOVELl 3,2
GTFDR
HLKZ 2,2
KOV 2y-1
JUMPL  2,0DD P
MOVE 1,0XwL 100003,2)
JRS1 NXT

(VTP MOVE L,LXWD 100001,11]
NXT 3 HRROI  2,FNAM2

GTUFN

HALTF

HRLI 1,400000

GET

hRKZ 1,120

JPST 1)

HALTF

EnU GETIT
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100

10y

le
17

186
19

an
2l

222
DIMENSTION UU(18+82)yVV(18:182)1PP(15,82)
DIMENSION A(18+82),U(2500),V(2500) P (2500)
VIMENSION mESS(T)
EGUIVALENCE (UoUU) s (VevV) e (PyPP)
TYPE 10
FORMAT (111 o *INPUT FILE:'»$)
ACCEPI 1793,NAME
FORMAT (AS)
NAME ZHAME 4 52
CALL LFILE(2?2)INAME)
READ(Z203) (MESS(I)r124,7)
FORMAY (7AS5)
NAMESNAME 46
CALL LFILE(2301NAME)
READ(23)M
KEAD(23)U, V, P
READ(23) DT oRHUAY TIME ,NCYCLE »MU,EFS]
KEAD(23)KGMN o KuMA o LDOMN ) LOMX s DRy DZ o KMAX e LMAX
WRITE (24996) (MESS(I)eI=1,7)
FUORMAT (14 »TA5)
WRATE (2491 7)NCYCLE
FORMAT (1H o *CYCLE *,1)
VO 20 L=1,LMAX
WRITE (24, 30)L
FORMAT (1H otLz=?,13)
WRITE(24019)
FORKMAT (1H 'K v U Pt)
DO 20 Kz1,KMAX
WRITE(2Us2 1)Ko UUIKIL) o VVIK L) o PP(KoL)
FORMAT (1M »1303%03F)
STOUP
ENu




INTEGER BLN(2) »BNDRY

DIMENSION UU(18+82),VV(18+82)/PP(18,82)
DIMENSION ME(18,82)

DIMENSION BNDRY(18,82)
DIMENSION V2(18,82),51(18,82)
DIMENSION DIMR(.50),0IM2(150)
DIMENSION A(18,82),U(2500),V(2500)P(2500)
DIMENSION MESS(7:

DIMENSION BPX(100),8PY(100)
DIMENSION XB(100),YB(100) NSEQ(100)
DIMENSION XBP(5002),Y8P(50,2)
DIMENSION M(2500)
EQUIVALENCE (UsUU) » (VoVV) o (PyPP)
EQUIVALENCE (M¢ME)
COMMON/CLP/INy IXPyIYPoMN
COMMON/STUFF/DReDZoKMAX s LMAX
COMMON/WINDOW/WSe WCX e WCY 0 XL
COMMON/CONLVL/NCLSNCL

INTEGER EMP»BNDyFULL 08

DATA EMP.gNDsFULL,0B/16¢32,8,2048/
TYPE 100

FORMAT (1H »*INPUT FILE:',$)
ACCEPT 101+NAME

NAME=NAME +32

CALL IFILE(22/NAME)

FORMAT(AS)

READ(22¢1) (MESS(I),1=1,7)
FORMAT (7As)

READ (229 2)KMAX ¢ LMAX

FORMAT (21,

READ (22, 3)SMIN,EPS}

FORMAT ( 2F )
READ(22+4)D¢D¢MUIRHOA

FORMAT (4F)

READ(22,5)UR

FORMAT (F)

READ(22,5)02

READ(22,6)D

FORMAT(I)

READ (22, 3)BPX(1)¢BPY(1)

MM=2

READ (229 3)BPX(MM) »BPY (MM)
IF(BPX(1) ,EQ,BPX(MM) ,AND,BPY (1) EQ,BPY(MM))GO TO 8
MM=MM+ 1

60 TO 7

MM=MM= 1

DO 9 I=1+¢

READ(22,6)7

N=1

READ (22,11 )XB(N) ¢ YB(N) yNSEQ(N)
FORMAT (2F, 1)

IF(NSEQ(N),EQ,1)G0 TO 32

Nz=N+1

G0 TO 10

KMAXZZ=KMp X=2

LMAXZ2=LMpX=2

KMAXZSKMAX=1




13

14

15

202
16

17

18
19
20

203
any

21

22
23

224
LMAXZ=LMAX=1
XBMAXSDR*KMAX22
YBMAX=DZ*| MAX22
N=0
MM=0
N=N+1
MM=MM+)
XBP (MM, 1)=YB(N)
YBP (MM, 1)=XB(N)
XBP (MM, 1)=YB(N)
YBP (MM, 1)=XB(N)
MM=MM+ 1
XBP (MM, 1)=YBMAX
YBP (MM, 1) =XBMAX
BLN(1)=MM
MM=0
MM=MM+1}
N=N+1
XgP (MM, 2)=YB(N)
YBP (MM, 2)=XB(N)
IFINSEQ(N)EQ.,1)G0 TO 15
GO TO 14
XBP(MM,2)=YB(N)
YBP (MM, 2) =XB(N)
BLN(2)=MM
NAMEZNAME 4 6
CALL IFILE(239NAME)
READ(23)M
READ(23)U,VyP
READ(23)DT+RHOA» TIME,NCYCLE)MU,EPSY
READ(23)KDMNy KDMX o LDMN)LOMX DRy DZ ¢ KMAX s LMAX
TYPE 16
FORMAT(1H »*'LOOK AT:'»3)
ACCEPT 17,1VAR
FORMAT (A1)
IF(IVAR.EQ@e* *)CALL EXIT
TYPE 18
FORMAT (1H » *START AT L=',%)
ACCEPT 19,L1
FORMAT (1)
TYPE 20
FORMAT(1H »*LIST TO L=',$)
ACCEPT 19,L2
ACCEPT 2n3,NDUM
FORMAT (1)
TYPE 201yNCYCLE
FORMAT (1H »*CYCLE *,13)
IF(IVARLEG,'P*)GO TO 24
IF(IVAREQ@.*V'}GO TO 27
DO 22 L=L4ysL2
TYFPE 21,L
FORMAT(1H »*L=',13)
O 22 K=1,18
TYPE 23,K,UU(KyL)
FORMAT(1H »*K=*9I3s* U(KsL)Z'"91FL12.7)
G0 TO 202




iy 225
24 DO 25 L=LjgosL2
= TYPE 21,L
DO 25 K=1,18
25 TYPE 26+K,PP(K,L)
26 FORMAT(1H » 'K pI3s* P(KyL)Z'9F15.7)
G0 TO 202
27 Do 28 L=Lj,L2
. TYPE 21.,L l
DO 28 K=1,18
28 TYPE 29,K,VV(KyL) , |
L 29 FORMAT(L1H » K= I3, V(KsL)="rF12,7)
G0 TO 202
END
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APPENDIX VII

LISTING OF INPUT DATA FOR
BALL VALVE




228
STARR=LLWARDS yALL VALVE (EXTENDED)
= 18992,1,0
o1,y ,2004000,
ﬂ. o‘).o.ﬂﬂ3201.(‘6
o o2
o<
20291792091
l 0,90, i
1.7'00
107'Bou
. 1,589, 51
1.!)()'9.55
1.56+9,42
= 1.62:,10,0n7
167361053
1. ’56' 1"-78
E le0b3¢1) .04
1.52911042
oobg'lloub
P.B8UEI1Le74
CeYny11,%
1.397,12,10 '
Loellber12,3%
1,65012,73
2,96 y14.13
s Sel759r14451 |
Se20 18,49
3.2'18.
no'l“o |
n.'.‘.loZ{)s} {
196,111,255 '
. «386011,171 i
561,111,172
e 700, 10,958
& e827,10,777 |
‘ 908, 10,595 |
| 949410, 399
L. «949, 10,209 I
| ¢ 908, 11,105
«827+9,025 ‘
- 070‘,'900(’2 ’
obb.‘lo9.52(5
058“'90‘429 i
¢198,9, 307
0. '9.3“5
oo'no
n
1018010920 0,9=10,,0,0
20100191/ 040=10,9001
2017'92'92'00 '-7057' 1'0
n

389,159 22.,459,1
L 1.70'.”"01
1.7+8.0
1.586+,9,3)
1:.5619.50
1.58'9.02




1.62+10,07
10736'10055
1.736'1“070
1.683011.04
1,528,911 442
0009'11.“0
NeBUSY1Le75
no9'11099
1,397,12.1"
l.4b012,3%
l.65%112,75
2.95“!1“015
3,175 10051
34202911459, 2
=.0NN1,11,25H
001900110253
nob“b'llol?l
NeDblr11.072
Ne70N410,958
Net527910,777
Na9NBy 11, HY9YH
Ne 949y 1N4 3599
PeI19,10,209
Ne9NBy 10,105
PaL2799,823
Ne7NN29,0p2
00561'9.520
N,3BLIY, Lo
0019509.5b7
=-N,N0N1,H9,3451
190403,2006018,0.288Y¢,.9
101602092
«NUNS

an

ol

«N00D1

)

N

N1

2n

an

4

229




APPENDIX VIII

LISTING OF DATA FOR
BALL VALVE SOLUTION




STARR=EUWARDS BA; L VALVE(EXTENDED)

CYCLE

L
K

x

—
SOET~NTOFGNPF

TR R "R ol ol ol ol ol o
E~dONEGNM

DSOOO~NTNEGN»

OE~NTNEUNP

[
GNP D

277

v
0,0000000
-0, 0075029
-0,0131090
-0,0182086
-0,0226600
-0,0265614
-0,0304269
-0,0342607
-0,0341043
0,0341043
0.000N000
0,0000000
0,0000000
0.0000000
0.0000000
0,0007000
0,0000000
0,0000000

v
0.0000000
-0,0075029
=-0,0131090
-0,0182086
-0,0255614
-0,0304269
=-0,0342607
-0,0341043
0,0341043
0.0000000
0.0000000
0,0000000
¢,0000000
0,0000000
0.0000000
0.,000N000
0,0000000

V)
0.0007000
-0,0000038
0.0095547
0,003n556
0,0043301
0.,0050547
0,0046078
0,0010023
0.0001551
-0,0001551
0,000N000
0,0000000
0,0rq0000

v
=35.2557037
‘35-2557037
-35.3133917
=35.3263162
-35.3329953
=35.3382938
=35,3437446
-35.3448391
‘3“07626600

0.0682824
0.0000000
0.0000000
2.0000000
2.0000000
2.0000000
0.0000000
0.0000000
‘1000000000

)
-35.2409236
=35.,2409236
=35.3010952
=35,3151243
=35.3228718
=-35.3290867
-35,33u48572
=35.3361804
=-34.7583905

7.0000000
-10.0000000
=-10.0000000
-10.000000¢C
-10.0000000
-10.0000000
-10.0000000
-19.0000000
=-10.0000000

v
-35.,2413002
=-35.2413002
=35.3034645
=-35.3178225
=35.3254676
-35.3311151
-35,3355452
=35,3332594
=34,7578723

0.0000000
-19.0000000
=-19.0000000
-10.000000”

P
0.0000000
0,00000C0
0.0000000
0.0000000
0.0000000
00000000
0.0030000
0.000C000
0,000000U
0,0000000
00000000
0.0000000
0.0000000
2.00000006
0.0000000
0,0000000
0,0000000
0.0000000

P
-25,9982292
-25,9982292
=26,1790384
=2645270531
-27.0173922
‘27060580“1
-28,2245919
-28,7877768
=29,2185578
-29,4657301

V.0000000
0.,0000000
0.,0000000
0,0000000
0,0000000
0,0000000
0,0600000
0.0000000

P
-58,8076420
=58,8076420
=58,9373298
-59,1852829
=$9,5273599
=59,9238522
-6043163153
=60,6190503
-60,6135242
-60,6192805
0.,0000000
0,0000000
0,0000000




CONOUNEUUN P

o
2

e ol
ENOUNEGN»

VENONE GNP

x

ODOOVOONOUFEUN -

-

0.0000000
c.0000000
0.0000000
0,0000000
0,0000000

U

0,0000000
=0,0005199
0.0005913
0,0038273
0,0030747
0,0041225
0.00“8516
0.006662
0,0002392
=-0,0002392
c.000N"N0
0.0000000
0.0000000
0.0nrpN0ONO
C.00p"N00
c.0neN0ON0
0.,0n0N000
0.0npN000O

v

0,0000000
-0,001n812
=-0,0004366

0.,0005936

t,0019466

0,0034631

0,0050768

0,0063552

0.0003226
-0,0003226

000000000

0,000Nn000

0.,0000000

0.0000000

0,0n0Nn000

0,000N0000
c.0np0C00
0.000NC00

v

0.,0000700
-0,0097108
-0,0015540
-0,0007146

0.00f7568

0,0025955

0.0044356

0,0040378

0.0004056
=0,0004056

-10.0000009
‘1000000000
-10.,0000000
=10.0000009
=10.0000000

v
=35,2408037
-35.,2408037
-3503050075
=35.3199217
=35.3277832
-35,3333227
=35.3374459
-35.3363112
-34,7522557

0.000000"
-10.0000000
-10.0C0000¢C
‘1000000000
-10,0000000
-10.0000000
-1000000000
-10.0000000
-10.0000000

v
-35.2393445
=35.2393445
-35.3056680
=35.3214685
‘3503299677
- 35.3359006
-35,.,3402894
-35.3389189
-34,7471148

0.0000000
‘1000000000
-1000000000
-10.0000000
-10.0000000
=10.0000000
-10.0000000
=10.0000000
-1000000000

v
=35.2367852
=35.2367852
‘3503053710
=35.3224441
-35.3320152
-35.3386700
-35.3433210
-35.,3418738
-34,7424567

0.0000000

0.0000000
0,0C00000
0,0000000
J,0000000
0.,0000000

P
=91,6542172
-91,6542172
-91,7389899
=-91,9006832
=92,1191096
=92,3628353
-92,5882347
=92,7424811
-92,8500302
-92.8584397

0.0000000
0.,0000000
0.0000000
0.0000000
0.0€00000
0.0000000
0.0000000
H,0000000

P
=124,323%5874
-124,3235874
=-124,3757321
=124,4758968
-124,06103379
=-124,7581425
* 124,8953906
-125,0059348
-125,0681379
=125,0796080

0.0000000
0,0000000
0.,0000000
0,0000000
0,0000000
0.,0000000
0,0000000
0,0000000

P
=-156,8759889
-156.8759889
=156.,9040962
=-156.9606797
-157,0384786
=157.1260919
-157,2108832
=-157,2789331
=157.3213567
-157,3354588




- 10 0o oo ot b Pt Jut Pt b
S OVONITARFULUND = O~NOTNFUGN M

[N
S

T N Y
O ONEUN

VENCOFUND -

~NONF UGN

0.,0ccr000
0,0000000
0,0000000
0,00¢0000
0,0000000
0,0000000
0,0000000
0,0000000

V)
0,0000000
-0,0023061
-0,0026064
-0,0019422
-0,0003663
0.0017443
0,0039077
0,0057533
0.,0004883
-0,0004883
0,0000000
0,0000000
0,0000000
0,0000000
0.,0000000
0.0000000
0.0000000
0.0000000

U
0.0007000
-0,0025798
-U0,0031120
-0,0025605
=-0,0009363
0,0013630
0,0037333
0,0056511
0,0005705
-0,0N05705
0,0000000
0.0000000
c,0001000
0.,0000000
0.0000000
0,0000000
0.0000000
0,0000000

U
0,0000000
=-0,00¢49593
-0,0051293
-0,0015640
'000001“32
0,0019433
0,0041479

=19%.0000000
-10.0000000
=10.0000000
=10.,0000000
'1000000000
=-10.,0000000
-10.0000000
=10.0000000

v
=35,2331959
-35,2331959
=-35.,30414831
-35.3228927
-35,3339322
-35.3415921
«35.,3466470
=35.3451062
-3“07382“82

0.0000000
-19.0000000
'1000000000
=10.0000000
-19.0000000
-10.0000000
'1000000000
'1000000000
-10,0000000

v
=35,2292165
=35.2292165
=35.3026159
-35.3231080
-35.,3358284
=35,3446953
-35,3502281
-35,3484869
-34,73435184

9.0000000
-10.0000002
-10.,0000C00
-10.0000000
-190.0000000
-10.0000000
'1000000000
=10.0000000
-10.,0000000

v
-35,2266345
=35,2266345
-35.3020564
'3503238367
=35.3378758
-35,3478353
-35,3538290

0.0000000
0,0000000
0,0000000
0,0000000
0,00000C0
00000000
0.0000000
0,0000000

P
=-189,3525612
-189,3525612
-189,3615429
=189,3844683
=-189,4205161
-189,4663316
-189,5146244
-189,5568450
-189,5867535
-189,6029790

0.,000n0000
0.0000000
0.0000000
0,0900000
0,0000000
0.,0000000
0.0000000
0.0C00000

p
-221,7791439
=221,7791439
-221,7707601
-221,7639112
=221,7651927
=-221,7787509
=-221,8022016
=-22),8287797
=221,8519454
=-221.8695157
0.0000000
J.0000000
0,0000000
0,0000000
0,0000000
0,0000000
04000C000
0,0000000

p
=-254,1678143
=254,1678143
=254, 1423256
=254,1079488
-254,0776287
-254,0643033
-254,0705991

233




T ——— W

10
11
12
13
1y

16
17

L=

Po b b b b (et b fb b
OC~NOCONEGNEROIVOENTORFUNM

L=

bo o )
»OLCONOUMEWN~

o o P
UGN

15

1n

11

0,0058341
0,.0006522
-0,0006522
0,0000000
0,0000000
0,0007000
0,000n000
0,0000000
0,000N000
0,0n0Nn000
0.0000000

V)
0,0009000
0,0004745
0,0018432
0,0026255
0,0032137
0,0041310
0,0053742
0,00¢3303
0,0007330

-0,0007330
c.00cN000
0,000nC00
0,0000000
0,0000000
0,0007000
0,0000000
0,0000000
0,0000000

v
0,0000000
0.0059613
0.,01n8315
0,0151493
0,0107562
0,0087228
0,0095305
0,00+20213
0,0008126

-0,0008126
0.0000000
0,000M000
0.,000NNO00
0,0000000
0,0000000
0,000n0N0
0.,0000000
0,0000000

U
0.,0007000
0,0157937
0,027n152
0,0293990

-35,3517771
‘3“07303998

0.0000007
-10.0000000
-10.0000000
-192.0000000
-10.,0000000
-10.0000000
-10.0000000
=10.0000000
-10.0000000

v
-3502290750
-35,2290750
‘3503052828
-35.3265159
=-35.3402659
-35.3505190
-35,3568736
=3543545625
-34,7261980

0.0000000
-1000000000
-10.000000C
-10.0000000
-10.,0000000
=10,0000000
-10.0000000
'1000000000
'1000000000

v
=35,2426425
-35,2426425
-3503169““9
-35.3335336
-35.3432108
-3503516936
-35,3581905
=-35.3561960
-34.7215280

0.0000000
=-19.000000"
-10.0000000
-10.,0000000
-10.0000000
-19.0000000
-10.0000007
-1000000000
-10.0000000

v
-35.2760255
=35.2760255
=35.3437353
-35.,3484020

=-254,0892553
-254,1100872
-254,1283411
0.0000000
0.3000000
0.0000000
0,0000000
0.00000C0
0,0000000
0,0000000
0,0000000

P
-286,5192001
-286.5192001
-286,4793879
-286,4189599
-286,36048C3
=286,3246132
=286,3191259
=266.3363367
~286,3594410
-28643775831

0.,0000000
0.,0000000
0.,0000000
0.0000000
0.0000000
0.0000000
0,0000000
0.01%00000

P
-318.8180928
-318,8180928
-318,7699024
-318,6936048
-318,6156344
-318,5625193
-318,5498644
=318,5713035
-318,00131067
-318.6186370

0.,0000000
0,0000000
0.0000000
0.0000000
0,0000000
0,0000000
0,0000000
0.,0000000

P

-351,0333714
=351,0333714
-350,9921883
=350,9229612

B e mpe




0.,0243600
0.0165756
0.0105188
0.0075182
0.0np8908
-0,0008908
0,0007000
0.,0000000
0,0000000
0,0000000
0.00q"000
0,0000000
0.0000000
0.0000000

v
0,00pn000
0.,0307032
0.0517871
0,0541562
0.0456579
0,02,4295
0,0139093
0,0070234
0.,0009674

-0,0009674
0.,0000000
C.0000000
0,0000000
0.,000Nn000
0,00c0000
0,0000C00
0,0000000
0,0000000

v
0,0000000
0,04q8085
0008“1169
0,0920375
0,0750737
0,0445843
0,01,8991
0,0043263
0,00¢0419

-0,00104109
0.,00¢N000
0,00000n00
0,0000000
¢,0000000
0,0000000
0.0000000
0,0000N00
0,0000000

v
0.0000000

=35.3470109
-35.3495941
-35.3557192
-35.3556961
-34.7165678

2.0000000
-10.0000000
-19.0000000
'1000000000
'1000000000
-10.0000000
-17.0000000
-10.0000000
-10.0000000

v
-35.3393737
-3503393737
-35.393720°
=35.3756569
-35.3523087
-35.3418253
=35.,3462588
-35.3516214
-34.7122382

0.0000000
-10.0000000
-1000000000
=13.000000"
-1%2.0000000
-10.0000000
-106.0009000C
-10.0000000
-112,0000000

v
=35.4410753
-35.4410753
=35.4741767
-35.4201984
=35.3605587
=35.3259444
=35.3254613
=35.3419695
=34.7105924

J.0000000
=10.0000000
-10.0000000
=10.0000000
~12.0000000
=-19.0000000
-10.000000¢
-10.0000000
'1300000000

v
-35.,5820086

=350,8455013
=350,7860047
=350, 7694159
=350,7981715
=350,8393545
=35J0,8550045
0.,0000000
0.,0000000
0.0000000
0,0000000
0.,0000000
0.0000000
0,0000000
0.,0000000

P
-383,1229997
=383,1229997
-383,1160930
=-363.0950414
-383,0551249
-3683,0081974
-382,9893213
-383,0227335
-383,0740531
'3830087“567

0.,0000000
v.00000C0
0.,0000000
0.,0000000
0,0000000
0.,0000000
J.000000V
0.,0000000

p
-415,0495161
-415,0495161
-415.1130323
-415,1976858
-415,2515461
-415,2488638
-415,2280693
-415,2510804
-415,2986449
-415,3092359

0.0000000
0.,0000000
0.0000000
v, 0000000
0.00C0000
0.,0000000
0.,0000000
0.,0000000

P
-446,8123731

235
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ONONEUNFE DSOECNOONFWN
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0.,0693563
0.1184604
0,137226?1
0.1102661
0,0643802
N.N1g4666

-0,00318255

0,0011141

-0,0011142

0,9000000
€.0000000
0,0000000
0,00¢cC000
0,000n000
¢.0700000
0.000?000
0,0000000

U
0.000n000
0,0818991
0,14+0397
0,1653096
0,1440054
0.0853848
0,0199313

-0,0115784

0.,0011837

-0,0011837

0,000NnCO0
n.0ocN00O
c.000n000
0.0000N000
0,0000000
0,0000000
0,0000000
0.0000000

U
0,0007000
0,0769643
0,1400217
0.1716546
0.1617890
0.10p0792
0,0163551

-0,02¢8047

-0,0012499

0.0000C00
0,0000000
0.0000000
0,00¢NP000
0.000rN000
0.000n000
0.0000000
0,00p0000

=35.5820086
=-35,5874881
=35.4856245
=35.3746358
=35,3008628
=35.2884606
=35.3243276
=34.,7148474

0.0000000
=19.0000000
=10.0000000
-19.0000000
=10.0000000
=10.00000072
=10.0000000
=10.0000000
-10,0000000

v
-35.7481584
-35,7481584
=35.7253037
~35.5711285
=35.3990287
=35.2692086
=35.2318600
=35.2967545
‘3“07283579

0.0000000
-10.0000000
‘1000000000
=10.0000009
=-10.0000000
-1C.0000000
‘1900000000
-10.0000000
=19.0000000

v
~35.,9045625
=35.9045625
~35.8624723
=35.6667407
-35,4383834
-35,2403710
=-35,1584375
=35,.2596991
-34,7515583

0.0000000
-10.,000000C
=10.0000000
=12.0000000
=10.0000000
-10.0000000
=10.0000000
-10.0000000
-10.0000000

-446.,8123731
-446,9801788
-447,2300340
-447,4452887
-447,5333807
-447,5109917
-447,4878614
-447,4913222
~447,4988435
0,0000000
0.0000000
0,0000000
0.0000000
0,0000000
0,0000000
0.,0000000
0.,0000000

P
-478,4891163
-478,4891163
-478,7695822
-479,2150561
-479,6478678
-479.8861001
=479,8701335
-479,7309269
~479,6130364
=479,6172832

0.0000000
0.,0000000
0.2000000
0,0000000
0.,0000000
0.,0000000
0.,0000000
0,0000000

P
=510,2625419
=510,2625419
-510.,6146117
=511,2139736
=511.8680452
=512,3191704
-512.,3422821
=511,9657297
~-511.,6049205
=511.,6059561

0,0000000
0.,0000000
0.0000000
0.,0000000
0,0000000
0,0000000
0.0000000
0.2000000
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U
000000000
0.0439717
0,08q92037
0.1254494
0.1400227
0,1036897
0.01g4716

=0,0229936
0.0013123
=0,0013123
0.,000N0N0
0.0000000
0.0000000
0.0000000
0.00pC000
0.0000000
0.00cn000
0.0000000

U
000000000
-0,0231934
=0,0245368
0,.0009593
0.0467369
0,0708051
0,0425161
0.0041674
0.0093701
-0,0013701
0.,0000000
0,0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
¢,0000000

U
0.,0000000
=-0,1224383
-0,2025060
=0,210406
=0,1515240
=-0,0281433
0,1159470
0,0898108
0,0014228
-C.,0014228
0,07nN000
0,0000000
0.0000000
0.0000000
0,0000000

v
=35.9950975
‘3509950975
=35.9539613
=35.7476365
=35.4925394
=35.2327429
-35.0870207
=-35.2185551
=34.,7760033

0.0000000
-19,0000000
-1000000000
-10.000000"
-10.0000000
=-19.0000000
=10.0000000
=19.0000000
=10.0000000

v
=35.9514102
=35.9514102
=35.9386485
=35.7702058
=35.5468553
=35.2715619
=35.0707028
=35.1854555
=34,7752225

0.0000000
=10.0000000
-10.0000000
=190.0000000
=-10,0000000
=10.0000000
=19.0000000
=-10.0000000
'1000000000

v
=35.7093308
=35.7093308
=35.752277¢
=35.6748153
=35.5606493
=35.3767302
=35.2245048
‘3501768613
=34.,6946239

2.0000000
=10.0000000
=10.0000000
'1000000000
=19.0000000
=-19.0000000

P
-542,4087797
-542,4087797
=542,7357484
=543,344T7440
-544,1168700
=544,8094983
=-544,9520130
=544,1555534
-543,4001316
=-543,3986862
0,0000000
0,0000000
0,0000000
0,0000000
0.0000000
0,0000000
0,00000C0
0,0000000

P
=57%5,2259125
=575,2259125
=575,4125793
=575.,8002777
=576,4356558
=577,2743081
=577.,6639660
=57642270172
-574,9551733
=574,9524985

0,0000000
0,0000000
0,0000000
0,0000000
0,0000000
0.,0000000
0,0000000
0.0000000

P
-608,9381878
-608,9381878
-608,9038257
=608,8500698
=608,977959y
=-609,5923562
=610.2796797
-608,0556218
-606,3213353
=606,3169469
00000000
0.0000000
0,0000000
0,0000000
0.0000000
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0.,0000000
0,0000000
0,0001000

v
0,0000000
=0,2428349
-0.4274152
=0.5158106
=-0.,4720987
-0023397nﬂ
0.28655'0
0.2682112
0.,0014710
=0.0014710
C.0007000
0.00¢0000
0.,0000000
C.0000000
0.0000000
0.0007000
0.0000000
¢.00¢0000

U
0,00p00000
-0.3671225
=0.0655240
-0.8572167
-C,.8900878
-0.5712988
006005“6“
0.5505609
C.0015149
-0.,0015149
0,0000000
0,00¢700
0,0000000
0,0000000
0,0000000
0.0000000
0,0000000
0.0000000

U
0,000"000
=0,4776434
-0.8767802
-1,1703163
-1,3113833
-0.9576788
1.05238u1
0.93¢595¢
0.,0015558
-0,0015558
0.0000000
0.000n000

=-10.0000000
-10.0000000
-10.0000000

v
=35.2265522
=35.2265522
=35.3463557
=35.3996880
-35.4650758
-35.5382036
-35.7516021
-3502029610
-34.4476208

0.0000000
=10.0000000
‘1000000000
=10.0000000
=-10.0000000
-10.000000"
=-10.0000000
-10.0000000
-10.0000007

v
=34,4952852
-3404952852
=-34,7058758
-34,9054176
=35.1844881
=35.6964756
=3649279411
=35.2519568
=33.9297220

0.0000000
-10.0000000
-10.0000000
=10.,0000000
-10.0000000
=-10.000000n
=10.0000000
-10.,9000000
=-10.0000000

v
=33.5426595
=33.5426595
=33.8575944
=34.2044853
-34.6908428
=35.7666381
=38.9757711
=35.2910344
=33.0590799

0.0000000
=10.0000000
‘1000000000

0.0000000
0.0000000
0.,0000000

=)
-643,6794479
=643,6794479
-643,4273724
=-642,8332706
-64¢2,0731176
=-641,7500381
-642,3495193
=639,5371188
=637,7373715
=-637,7203320
0.0000000
0.0000000
0.0000000
0.0000000
0.3000000
0.0000000
0.0000000
0.,0000000

P
-679,5053636
=679.5053636
=679.1723673
=678,2025699
=676,4011388
=674,1460492
=673,3530317
=-670.,8787014
=669,7760527
-669,7063152

0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0.0000000
0.0000000
0.0000000

p
=716.3895969
=716.3895969
=716,2130330
=715,3574754
=-713.,0187978
=708,3091666
=703,7328859
=703.2048483
=703,5322343
=703.33058u3

V.0000000
0.0000000
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0,00cN000
0.0000000
0,0000000
0,0000000
0.00¢c"000
0.00n0000

U
0.0000000
-1,0354574
=-1,38p7374
-1,5740538
=1,2785430
1.5135734
1.3138046
0,0015950
'000013950
0.,000N000
0,0001000
0,0000000
0,0000000
0.0000000
0,0000000
0,0000000
0,0000000

u
0,0000000
-0,6281805
“1,1317574
-1,4612365
-1,5387375
~1,1015646
1,7755537
1,5620841
0,0016342
-0,0016342
0,0000000
0,0000000
0,000"000
0.,0000000
0,0000000
0,0000000
0,0000000
0,000M000

U
0.0000000
=0,6737169
=1,1969293
-1,4699228
=1,28¢00676
-0,2122785
1,6861749
1,6064524
0,0016747

-19.0000000
'1000000000
-1000000000
-1000000000
-10.0000000
=10.0000000

v
=32,4163906
-32.4163906
-32,8597095
=33.3756447
~34,0774149
-35,7471529
-41,796639°
-35,3060547
-31.8364639
0.0000000
-12.0000000
-19.9000000
-10.0000000
-10,0000000
~10.0000000
-19.0000000
-10.0000000
-10,0000000

v
=31.1632540
-31,1632540
=-31.,7718003
=32,5296983
-3305733995
=35.8929683
-u407370127
-3503512883
=39.,3822(85%

0.0000000
-1000000000
-1000000000
-1%.,0000007
=-19,0000000
-1000000000
-1000000000
=-10,0000000
=19.0000000

Vv
-2908191313
-29,8191313
=30.6274146
=31.725523¢€
-33.372507<
=36.7970038
=46¢7714906
=35.5268575
-28,8866356

0,0000000
0.0000000
0.0000000
0.0000000
0,0000000
0.,0000000

P
=754,2335917
=754.2335917
~754,4009988
~754,247059
=752,7400632
~747.2712626
=736.6449837
=739,0522887
=740,5057628
=740,0949527
0.0C00000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0,0000000

=)
-792,9777135
=792.9777135
~793,4378986
~794,06707C3
~794,5629363
-792.8811689
~777,4902587
~781,0705011
~781,6339438
~781,0338442
0.0000000
9.0000000
040000000
040000000
00000000
0.0000000
0,0000000
00000000

P

=832,7893470
=832.7893470
=833.2990263
=833,9636777
-835,2092807
-858,8087605
=-828,4534295
=828,3775453
~825,9410341
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29

T

-0,0016747
0.0000000
0,0000000
0.,000n000
0,0000000
0,00¢00000
0,0000000
0.0000000
0,00¢0000

U
0,0000000
=-0,6998858
-1.,2361363
=1.4795000
=1.,0983221
1.,1044203
1.4006086
1.,5041670
0,0047178
=C,0017178
0.,0000000
C.C0r0000
c.,000n00
0.,0000000
0.0000000
0,0000000
0.0000000
0,0000000

U
0,0000000
=0,6977563
-1022ﬂ“068
-1,4378544
-1,0275985
1,9169836
1.2448875
1.,3992354
0,0N1 7646
=0,0017646
0,0000000
0.,0000000
0.0n00N000
¢.0000000
0.000n000
0.,00000N0
0.0000000
0.,0000000

U
0,0C00"000
=0.66/5963
-1,1325859
-1,2441632
=-0,7824071
1,7579073

T TR — . ki

0.0000000
=-10.0000000
-10.0000000
=19.0000000
'1000000000
'1000000000
=-10.0000000
=10.0000000
'1000000000

v
-28.4227613
-28.4227613
-29.4482660
-30.9412826
-33.3875921
'3900025“48
=47.,2974978
'3508602356
-27.4828948

0.0000000
-10.0000000
=10.000000¢
=10.0000000
'1000000000
=10.0000000
-10.0000000
=10.0000000
-1000000000

v
'2700307504
«27.0307504
=-28.2887425
=30.1945001
-33.4478721
-42,0481306
=46.9171774
=-36.2182587
=26.1809323

0.0000000
'1000000000
'1000000000
=10.0000000
-10.0000000
=-10.0000000
-10.0000000
=-19.,0000000
-10.0000000C

v
=25.0971717
=25 2971717
=27.2269551
=29.,6099652
=33.6224221
-44,6990877

=-825,2897491
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0,0000000

P
-873,9951108
-87309951108
-874,5191996
-874,6690606
-873,7977971
-874,6188958
-882,0260991
-875,7069562
-870,9813212
=870,4006378

0.0000000
0,0000000
0,0000000
0.0000000
0.0000000
0.0000000
0,0000000
0,0000000

P
=916,5451978
=916,5451978
=917,4204548
=917,8811987
=915,5198936
=909,5184211
=925,3187631
=920.,1577757
=915,4815753
=914,9829601
0.0000000
0.0000000
0.0000000
0.,0000000
00000000
0,0000000
0.0000000
0.0000000

P
=959,7103451
=959,7103451
=961,1601089
=963,0578239
=-963,0086650
=953,7183051

240
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7 1,2351853 =46.6687743 -964,5730336
8 1,3334380 =36.5162920 =-964,2826398
9 0.,0018163 =-24,9405013 =959,7451691
10 -0,0018163 0.0000000 =959,2961301
11 0,0000000 -10.00092000 V.,0000000
12 0.0007000 -10.0000000 0.,0000000
13 0,0000000 -10.0000000 0,0000000
14 0,0000000 =10.0000000 0.0000000
15 0,000"000 -10.0000000 0,0000000
16 0.0000000 -10.0000000 0,0000000
17 0,0000000 -10.,0000000 0,0000000
18 0.00¢Nn000 -10.0000000 0,3000000
L= 3n
K v v P
1 0,0000000 -24,4336925 =1002,6408315
f 2 =-0.06336090 -24,4336925 =1002,0408315
3 =1.0129235 -26,2934852 =1004,3390517
4 =0,9480336 =-29,2899411 =1037,2085403
5 =0,2140049 =-34,1928314 =1010,7652706
6 0,99,9842 =-46,0016292 =1006,8379019
7 1,1474224 -47.,0146373 =1006.,8550755
8 1,3108338 -36.8710700 =1009,3036715
9 0,00187u41 -23.7213038 =1003,9001287
10 =-0,0018741 0.0000000 -1003,47383u44
11 0,0000000 =19.0000000 0.,0000000
12 0.00c0000 =10.0000000 0,0000000
13 ¢.0000000 -19.0000000 0.,0000000
14 0.,0000000 -106.0000000 0,0000000
15 0,0000000 =-10.0000000 0.,0000000
16 0.000N"000 -10.0000000 0.,0000000
17 ¢.,0000000 -10.0000000 0.,0000000
18 0.0000000 =-10.0000000 0,0000000
L= 31
K U v P
1 0.,0000000 =23,2039552 =1045,2207227
2 =0,618104 =23.2039552 =10u45,2207227
3 =0,9522980 =25,4377551 =1046,7000727
4 =-0,7476373 =29,1571893 =1049,0059902
5 0,3953287 =35.2879468 =1051,8103514
6 0.2838942 =45,9680870 =1059,2034322
7 0.,8754453 =47.7106962 =1052,3784489
8 1,34/7501 =37.5205923 =1054,6502147
9 0,0019397 =22.4668719 =1048,0564975
10 =0,0019397 0.0000000 =1047,06196699
0,000n000 =-10.0000000 0,0000000
0,0000000 =10.0000000 0.,0000000
0,0000000 -10.0000000 0,0900000
0,0000000 =1%.,0000000 0,0000000
0,0000000 =10.0000000 00000000
0.00q0000 =10,0000000 0.,0000000
0,0000000 -10.0000000 0.,0000000
0,000N000 -19.0000000 0.0000000
U v P
0.00¢0000 =21.9601812 =1087,9624498
=0.6239120 =21.9601812 =1087,9624498
=-0,9473307 =24,5935045 =1089,2295421
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=0.65929861
0.5456726
-0.0649632
0,4604113
1,4751910
0.00,0147
=0,00oN0147
0.00000930
0,000NC00
c.000Nn000
¢.0000000
0,0000000
0.0000000
¢.000N000
0.0000000

v
0.0000000
-006507896
-0.98¢5006
-0.7300576
0.1754079
=0.2307453
0.07n4051
1.67?“768
0.,0n21016
-0,0021016
0.07°0N000
o.0000000
0, 0000000
¢.,0001000
0.0000000
0.0000000
0.0000000
0.0000000

U
0.00n00N0
=0.,6928425
=1.,0599559
-0,8595240
-0.4116542
-0,4938803
-0,1077552
1,8136792
0.0022030
-0,0022030
0.0000000
0.00¢NN00
0.0000600
0.0000000
0.,0007000
0,000nC00
0.00¢0000
0.000n000

U

=29,0861577
=36.5081489
-45.4133928
-48027“5085
=38.6867214
=21.0946059

0.0000000
-19.0000000
'1000000000
=10.0000000
‘1000000000
=10.0000000
-10.0000000
=10.0000000
=10.0000000

v
=20.6628442
=20.0628442
=23.7150868
'2900021066
=37.3405188
=45,0010747
=48.,5636894
=40.425002°
=19.,5387861

0.0000000
‘1000000000
=10.0000000
=-10.0000000
=10.0000000
=10.0000000
=13.0000000
-10.0000000
=10.0000000

v
=19.281623°
=-19,2816239
=22.7669269
=-28.8216107
=37.6096487
-44.8210262
=48.8978658
-42.4803708
=17.8510444

0.0000000
‘1000000000
=10.0000000
=-10.0000000
=10.0000000
=10.0000000
=10.,0000000
=-19.0000000
=10.0000000

v

=1090,9900398
=1092,8204518
=1102,9154391
=1100,3299852
=1100,0723534
=1093,4634928
-1092,9610164
0.,0000000
0,0000000
0,0000000
0,0000000
0.,0000000
0,0000000
0.0000000
0,0000000

<]
=1131,3066774
=1131,3066774
=1132,574049}
=1134,4149292
=1137,1066750
-1144,8925131
=1150.1829468
=~1147,0397238
=1143,3270623
-1142,7005057
0.0000000
0.0000000
0.0000000
0.0000000
0,0000000
0.0000000
0,0000000
0.,0000000

P
=1175.,4457515
=1175,4457515
=~1176,9867365
=1179.,4761990
=1183,7304246
=1191,9400890
=1201,2344461
=1195,4885050
=~1201.5936386
=1200,8759428
0.0000000
0,0000000
0.0000000
0.0000000
0.,0000000
0.0000000
0.0000000
0.0000000

P
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0.00n0000
-0,7467107
=1,1619476
-1,0806561
=-1,0359859
-0,8707759
=0,02¢q5833
1.,7072297
0.0003214
-0,00N23214
0,0000000
0.0000000
0.0000000
0.00n00000
0,0000000
0,0000000
0,00¢0000
0.,0000000

J
0,0007000
-0,3134976
=1,29386379
-1,3913201
=1,5874746
=-1,2172970
0.,1142202
1,3214640
0,0054596
=0,0024596
0.0000000
0.,00¢0000
0.0NQ0000
0,0000000
0.,000N000
o.co0c0000
0.0000000
0.,0000000

U
0,0000000
=-0,898298
-1,4614356
-107735331
-2,0173961
-1,4314029
0,1511175
£.,9112755
0.,0026190
-0,0026190
0.000n000
¢.00007000
0,0000000
0.0000000
0,0000000
0,0000000
0,0000000

=17.7929228
=17.7929228
-21.7188766
-28.,4575228
-37035“9659
-44,7773270
‘“9.6601120
-44,3490993
=16.2629366

0.0000000
=10.0000000
=-10,0000000
-10.0000000
-1%.0000000
-10.0000000
=-10.0000000
'1000000000
=10.00000090

v
«1641709398
=16.1709398
=20.5333099
-27.8301869
-360736“835
'44.8390037
=50.,8944 385
-45,6698254
-15.,0352031

0.0000000
-10.0000000
'1000000000
'1000000000
=-19.,0000000
-19.0000000
=-10.0000000
-10.0000000
-10.0000000

v
-14,3826196
-14,3826196
=19, 1598065
-26.8846549
=35.9587729
-45,0451475
-52.3638651
'“6.51“9581
=14.1906867

%.0000000
=10.0000000
-10.0000000
-10.0000000
'1900000000
-10.0000000
=10.,0000000
=-10.0000000

-1220,2209842
=1220,2209842
=-1222,3403484
=1226,2305666

=1233,3510399

-1242,9710806
=1253,7553955
=1260,5380502
~1268,0795279
-1267,4910810
V,0000000
0,0C00000
0.0000000
0,0000000
v.0000000
0,0000000
0,0€00000
0.0000000

P
=1265,1441109
=1265.1441109
=1268,0530970
=1273,8465194
=1284,2539747
=1296,8277980
-1309,7818059
=-1325,8278791
=1335.6289317
=1335,3836585
v 0000000
0.,0000000
0.0700000
0.,3000000
0,0C00000
0.,0000000
0.0000000
0.0000000

P
=-1309,6050781
=1309.6050781
=1313,4324041
=-1321,4357619
=1335,0755398
=1351.,8084821
=-1368,4610513
=1389,4221981
=1398,6589064
=1398,6970719
0,0000000
0,00000C0
0.,0000000
0.,0000000
9,0000000
0.0000000
0,0000000
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0.00cN000

v
0.0000000
-1,0N16974
=1,7140967
-2,2012109
=2,3440472
=1,5254509
0,0778529
0. 7445101
0,0028005
=0,0028005
0.0np0000
0.000N000
0.0000000
0.0000000
0.0000n000
0,0000000
0.,0000000
0,0000000

U
0,0000000
=-1.,1344352
=2,0115207
-2.624815
-2,6235399
-1060?3830
-0,1038604
0.6535582
0,0030033
=0,0030033
¢.0000000
0.000N"700
0.000N000
0,0n00000
0,0000000
0,0000000
0,0000000
0,0np0000

U
0,000N000
=1,30p2142
=-2,3605570
=3,0644949
=2.94n5016
=1,8254875
-005033“05
0.16Q6290
0,0032254
-0,0032254
0.0000000
0.0000000
0.0000000
0,0n00000

=-10.000000¢

v
-12.3849273
'12038“9273
=17.5402313
=-25.6214842
=35.1702794
-45,4373851
-5308390972
-47.,2483639
=13.5022359

0.0000000
=10.0000000
-i0.0000000
-10.0000000
-10.0000009
-10.0000000
=-13.0000000
-10.0000000
=10.0000000

v
-10.1221569
=10.1221569
=15.,6196032
=-24,0829956
-3404271“55
=45,9928367
=-55.1862888
-48,0518036
=12.8991486

0.000000".
-1000000000
=-10.0000000
-10.0000000
‘100000000ﬁ
=-10.0000000
-1000000000
-1000000000
-10.0000000

v
=7.5282578
-7.5282578

-13.3437280
=22.2984098
=33,0974893
-“60582“150
=56.3007317
-48.7031136
-12,7482397

0.0000000
=10.0000000
=-10.0000000
=10.0000000
-10.0000000

0,0000000

P
=1353,1096515
=-1353,1096515
=-1357,8537155
=1368,0795070
-1384,9536565
=1406,3140240
-1428,1783861
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APPENDIX IX

SAMPLE DIALOGUE FOR
COMPUTATIONAL INPUT PROGRAM
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MISSION
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Rome Air Development Center

RADC is the principal AFSC organization charged with
planning and executing the USAF exploratory and advanced
development programs for electromagnetic intelligence
techniques, reliability and compatibility techniques for
electronic systems, electromagnetic transmission and
reception, ground based surveillance, ground
communications, information displays and information
processing. This Center provides technical or
management assistance in support of studies, analyses,
development planning activities, acquisition, test, 4
eraluation, modification, and operation of aerospace
systems and related equipment.
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